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Foreword 



On this, the loo^^ anniversary of the electrocardiogram (EGG), it is a delight to welcome a new and compre- 
hensive book on ECGs and arrhythmias. Professor Gertsch has compiled a wonderful book that covers all 
aspects of electrocardiography but with a very practical and clinically useful approach. In reading this book, 
I have been struck by its very straightforward layout and setup of each chapter, divided into sections for busy 
readers and advanced readers. This allows the reader to skim through the highlights of a particular section 
and, if he or she is more interested, can delve more deeply into that topic. The book has a very clear outline 
format so that one can follow the various issues on a topic. For example, in the EGG section, the various com- 
ponents of the EGG are divided into subsections and the various normal variants that can be seen are listed as 
subsections within each part of the chapter. The illustrations, figures, and tables in the book are very helpful. 
Within each chapter to explain vectors or mechanisms of arrhythmia are illustrations in color. Gataloged at 
the back of each chapter are example EGGs of all the topics discussed in each chapter. 

This makes this book very useful for all levels of physicians and health-care professionals interested in 
EGGs, ranging from medical students who are first being exposed to electrocardiograms, to senior cardiolo- 
gists who wish to find more detailed information about particular abnormalities. For all these reasons, I feel 
this book will be a welcome addition to the medical literature and should be very useful to cardiologists, elec- 
trophysiologists, internists, primary care physicians, nurses, medical residents, exercise physiologists and tech- 
nicians, and all other health-care professionals caring for cardiac patients. Gongratulations to Professor 
Gertsch on creating this important new book. 



Ghristopher Gannon 
Associate Professor of Medicine 
Gardiovascular Division 
Department of Medicine 
Brigham and Women’s Hospital 
Harvard Medical School 
Boston MA 02115 
USA 
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Preface 



Twenty-five years ago a publisher invited me to write an EGG book. I refused because I had no time, having a 
120 percent job. This was a good decision. In the decades which followed I have learned much more about the 
EGG and about teaching. And so I have eventually created this book at the end of my professional life, taking a 
50 percent time out for three years. 

Being involved in non-invasive and invasive cardiology, I had the constant opportunity to compare the EGG 
patterns with hard facts, such as echocardiographic and angiographic findings, to name only the most impor- 
tant ones. I became acquainted with the significance of arrhythmias during the implantation of many pace- 
makers and attending intensive care and emergency stations. 

In this book I have tried to differentiate between basically important and frequent EGG patterns and 
arrhythmias on one hand, and less important and rarer - but interesting - findings on the other. This has been 
achieved by dividing most chapters into a section At a Glance and a section The Full Picture. Moreover, I have 
taken up many suggestions by my colleagues, thus providing an extensive presentation of the normal EGG and 
its (normal) variants, and a large chapter about exercise EGGs. Other ideas were cooked in my own kitchen, 
such as the chapters ‘Differential Diagnosis of Pathologic Q Waves’ and ‘Special Waves, Signs and Phenomena’, 
as well as a list of the etiologies of electrolyte imbalances, and of pericarditis. With clinical data and the inclu- 
sion of about 50 case reports (also called ‘short stories’), the clinical significance of ‘the EGG’ is highlighted and 
the reading experience thus enhanced. 

The book is intended for cardiologists, internists and general practitioners, for the specialist team in inten- 
sive care units and for especially gifted and interested students. 



Marc Gertsch 



Introduction by Bernhard Meier 



A single author book in any field of cardiology has become an exquisite rarity. It takes a super specialist to 
comprehensively review the large topic of electrocardiography in a fashion appropriate to cardiologists, 
internists, general practitioners, and medical students. Marc Gertsch meets that requirement as only few can. 
He is a professor of cardiology at the University of Bern, Switzerland, and he has devoted his professional life 
largely to the dwindling art of EGG interpretation. Keeping up a regular practise of clinical and invasive cardi- 
ology alongside has enabled him to correlate ECGs and real life at all times. At the dusk of his career he has sat 
down to convey his profound knowledge of electrocardiography to all those in the medical profession who use 
this key tool of the trade. Only few medical professionals have no interface whatsoever with electrocardiogra- 
phy. To all others who deal with the electrocardiograms occasionally or regularly, this book offers a unique 
opportunity to catch-up, to keep abreast, or even to excel in this domain. 

The book is unique in its style as it is unique in its depth of practical information on carefully selected sub- 
headings of the topic. The illustrations remain faithful to the saying that a picture is worth a thousand words. 
Yet, wherever needed, text and tables are interspersed and the clinical, physiological or etiological background 
of depicted electrocardiographic changes are elucidated, for example in a comprehensive list of etiologies of 
electrolyte imbalances. 

The examples of electrocardiograms are carefully selected out of a gargantuan gamut of real life ECGs accu- 
mulated in a large tertiary center over years. They are crisply reproduced, succinctly explained, and very often 
rendered absolutely fascinating by the added history of the patient concerned. 

The witty two-layer structure of the book allows the matter-of-fact reader to take home whatever is needed 
(and a little more) in virtually no time, while the wizard finds tasty tidbits, passion, and joy in digging into the 
deeper level. 

This book is the next best thing to hovering over real ECGs, fresh from the machine, together with a master 
of the art such as the author Marc Gertsch. 



Bernhard Meier, MD 

Professor and Chairman of Cardiology 

Swiss Cardiovascular Center Bern 

University Hospital 

CH-3010 Bern, Switzerland 
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AAI pacing 
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acPE 

AF 

AJT 

AMI 

AP or acP 

APB 

AQRSp 

ASD 

AV 

AVNRT 

BVH 

CABG 

CAD 

CHD 

CK = CPK 
CK-MB 
COPD 
Coro 


Atrial inhibited atrial pacing 

Angiotensin- converting enzyme 

Acute pulmonary embolism 

Atrial fibrillation 

Automatic junctional tachycardia 

Acute myocardial infarction 

Action potential 

Atrial premature beat 

Mean QRS axis in the frontal plane 

Atrial septal defect 

Atrioventricular 

Atrioventricular nodal reentrant tachycardia 
Biventricular hypertrophy 
Aortocoronary bypass grafting 
Coronary artery disease 
Coronary heart disease 
Creatine kinase 

Myocardial-bound creatine kinase 
Chronic obstructive pulmonary disease 

Coronary angiogram/coronary angiography. (In most cases 'Coro' also includes left ventri- 
cular angiography/-gram) 
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CPR 

CT 

CX 

DC 

DD 

DDD 

ECG 

Echo 

EE 

EPI/EPS 

HOCM 


Creatine phosphokinase 
Cardiopulmonary resuscitation 
Computerized tomography 

Circumflexa (circumflex branch of the left coronary artery) 

Direct current 

Differential diagnosis 

Double chamber double inhibited (pacing) 

Electrocardiogram 

Echocardiogram/echocardiography (in most cases color Doppler is integrated) 
Ejection fraction (in most cases of the left ventricle) 

Electrophysiologic investigation/study 
Hypertrophic obstructive cardiomyopathy 
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Implantable cardioverter defibrillator 
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Left atrium/left atrial 
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Left anterior descending coronary artery = left anterior descending branch of the LCA 


LAD 


Left axis deviation (AQRSp < -30°) 


LAFB 


Left anterior fascicular block ( = left anterior 'hemiblock’) 


LBBB 


(Complete) left bundle branch block 


LCA 


Left coronary artery 


LPFB 


Left posterior fascicular block ( = left posterior ’hemiblock’) 


LV 


Left ventricle/left ventricular 


LVH 


Left ventricular hypertrophy 


MET 


Metabolic equivalents 


MET 


Maximal exercise test 


MI 


Myocardial infarction 


MRI 


magnetic resonance imaging 


NSAID 


Nonsteroidal anti-inflammatory agent 


PA 


Pulmonary artery 


PE 


Pulmonary embolism 


PET 


Positron emission tomography 


PJRT 


Permanent junctional reciprocating tachycardia 


PTCA 


Percutaneous coronary transluminal angioplasty 


RA 


Right atrium/right atrial 


RBBB 


(Complete) right bundle branch block 


RCA 


Right coronary artery 


RV 


Right ventricle/right ventricular 
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Right ventricular dysplasia 


RVOT 


Right ventricular outflow tract 


SA 


Sinoatrial 


SACT 


Sinoatrial conduction time 


SN 


Sinus node 


SNRT 


Sinus node recovery time 
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Single proton emission computed tomography 


SR 


Sinus rhythm 
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Supraventricular premature beat 


SVT 


Supraventricular tachycardia 


SVTab 
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Ventricular premature beat 


VSD 


Ventricular septal defect 


VT 


Ventricular tachycardia 


VVI 


One-chamber ventricular (pacemaker) 


VVI(R) 


Ventricular inhibited ventricular pacing with rate responsiveness 


WPW syndrome 


! Wolff-Parkinson-White syndrome 



XXXIV 




Introduction and Concept of the Book 



Introduction 

The Value ofUe ECG'Today 

During the last decades the so-called ‘direct’ and ‘imaging’ 
diagnostic methods, such as coronary angiography, echo/color 
Doppler, scintigraphy, computer tomography and magnetic 
resonance imaging, have contributed to improve diagnostic 
accuracy in cardiac diseases considerably. For several reasons 
‘the ECG’ has not been trusted in view of these newer methods, 
but has remained the most used non-invasive diagnostic 
method worldwide. Why should this be? 

Firstly, there is no method other than the electrocardiogra- 
phy for the diagnosis of arrhythmias. And in this field, the ECG 
is more accurate than all direct and imaging methods on their 
best performances. For the last 30 years - and even more 
recently - arrhythmias have gained even more importance due 
to enormous progress in diagnostic perfection and consecutive 
therapeutic procedures. The ambulatory (Holter) ECG has 
facilitated the indication for pacemaker implantations. 
Recording intracardiac potentials (measuring their time corre- 
lations and localizing special potentials inclusively) and induc- 
ing/interrupting supraventricular and ventricular tachycardias 
have proven to be compulsory conditions for the catheter- 
induced radio-frequency ablation of accessory pathways (in 
Wolf-Parkinson- White (WPW) syndrome) and other conduc- 
tion substrates (atrial, AV nodal and ventricular tissue). 
Invasive electrophysiology has also helped to develop reliable 
implantable cardioverter defibrillators (ICD). However, the ini- 
tial diagnosis of arrhythmias is generally made with the help of 
a rhythm stripe or on the basis of a 12 lead routine ECG. 

Secondly, tremendous knowledge has been accumulated in 
the scalar or ‘pattern’ ECG, since its introduction by Einthoven 
in 1902. The diagnosis of myocardial infarction, in its acute, 
subacute and chronic phase, remained the cornerstone of ‘pat- 
tern electrocardiography’. Can we imagine that a patient 
undergoes coronary angiography, percutaneous transluminal 



coronary angioplasty (PTCA) or coronary artery bypass graft- 
ing (CABG) before an ECG has been performed? In many cases 
an exercise ECG is required, although the potential of this test 
is limited in detecting ischemia. The immediate ECG diagnosis 
of acute infarction has become more urgent since the applica- 
tion of emergency PTCA and thrombolysis, the latter also in 
regional hospitals. 

Conduction disturbances as second degree AV block, bundle 
branch block and fascicular blocks represent another unique 
domain of the ECG. These conduction block patterns have a 
major clinical significance as potential precursors of a com- 
plete AV block. Sometimes, a severe electrolyte imbalance 
(potassium, calcium) is first detected in the ECG. In 70-90% of 
cases pericarditis is confirmed or diagnosed by the ECG. 
Particular characteristics in the 12 lead ECG allow the distinc- 
tion of ventricular tachycardia and supraventricular tachycar- 
dia with aberration in about 90%. 

Many other ECG patterns of clinical significance are dis- 
cussed in this book. 

Thirdly, the ECG pattern may give hints for tachyarrhyth- 
mias which are not yet present. 

Examples: 

Pre-excitation (shortened PQ interval with delta wave in 
the QRS complex ^ arrhythmias in the (WPW) syndrome. 
Prolonged QT interval (‘long QT’) ^ polymorphous ven- 
tricular tachycardia of the type ‘torsades de pointes’. 
Incomplete right bundle branch block pattern combined 
with marked ST elevations in leads V^/V^ (Brugada syn- 
drome) ^ ventricular tachycardias with possible fibrilla- 
tion and sudden death. 

Limitations of the Pattern ECG 

1. Only 50-60% of acute and old myocardial infarctions can 
be diagnosed in the ECG on the basis of usual criteria. This 
is not surprising. On the contrary, the relatively high per- 
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centage is striking, considering that the routine EGG is a 
highly indirect method. Moreover, the study of more com- 
plex infarction patterns should allow a correct diagnosis in 
over 70% of cases. 

2. It is obvious that the echocardiogram (by direct measure- 
ment) can better determine the dimensions and the wall 
thickness of all four heart chambers than the EGG. Famous 
indices for the detection of left ventricular hypertrophy as 
Sokolow's, Lyon’s and Romhilt’s point score indexes have 
revealed a very low sensitivity and good to moderate speci- 
ficity. It is time to realize this. 

3. 40 years ago even complex congenital heart diseases were 
diagnosed on the basis of clinical findings (especially aus- 
cultation), x-rays and, of course, the EGG. Heart catheteri- 
zation, including angiography, has initiated a revolution. 
Today this field has become a domain of echo/Doppler. 

4. The diagnosis of acute pulmonary embolism should most 
certainly not be based on an EGG alone. 

5. Isolated alterations of the repolarization (T wave and ST 
segment) are unspecific and insensitive overall. The most 
important exception is the typical EGG pattern of an acute 
infarction. Generally, changes of ST and T segments should 
only be interpreted in the context of other EGG abnormal- 
ities (especially of the QRS complex) and clinical findings. 
This is true for every EGG, last but not least. 

Conclusions 

The advantages of the EGG by far outweigh its limitations. The 
EGG is rapidly registered, cheap and non-invasive, and pro- 
vides important and also essential information about our 
patients, information that is often not available by other meth- 
ods. About two million physicians throughout the world regis- 
ter and interpret EGGs, and indeed earn money by doing so. Is 
it not therefore appropriate for them to study this method? 



Concept of the Book 

After three introductory chapters (‘Theoretical Basis’, ‘Practical 
Approach’ and ‘The Normal EGG and its Normal Variants’) the 
common EGG patterns and arrhythmias are presented in 
Ghapters 4 to 26. 

In Ghapters 27 to 32 Special Topics are presented more or 
less extensively, such as ‘Exercise EGG’, ‘Pacemaker EGG’, 
‘Gongenital Heart Diseases and Acquired (Valvular) Heart 
Diseases’ and ‘Rare EGGs’. 

About 50 'short stories’ or 'case reports ‘ highlight the clinical 
relevance of ‘the EGG’. 

Each chapter is subdivided into two sections, a section called 
'At a Glance’ dead a section called 'The Full Picture’. The Section 
‘At a Glance’ is intended for colleagues who wish to be con- 
fronted in a concise form with the most important and most 
frequent EGG patterns and arrhythmias. However, these col- 
leagues will also want to be informed about newer opinions 
and current progress. 

The section ‘The Full Picture’ is aimed at EGG readers who 
already ‘know their EGGs’ and intend to plunge deeper into 
more complex fields and who are also interested in more prac- 
tical and theoretical details. 

They will also want to invest time in thinking (occasional- 
ly) even in three dimensions. 

A primary reader of the ‘The Full Picture’ sections may find 
his knowledge summarised by a glance or two into the ‘At a 
Glance’ sections. A primary reader of the ‘At a Glance’ sections 
may be stimulated and wish to know more about a certain sub- 
ject by jumping into ‘The Full Picture’ section in some chap- 
ters. 

A therapy is proposed whenever important and convenient. 

References are provided in the ‘The Full Picture’ sections 
and are listed at the end of each chapter. 
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Chapter 1 

Theoretical Basics 



For All Readers 



Some extensive and clinically oriented guides of electrocar- 
diography, such as Chou's Electrocardiography in Clinicai 
Practice [1],do not provide any chapters about the theoretical 
basis. It is thought that readers acquired this knowledge 
during their medical training. We have found it convenient to 
present some of the theory in the hope that it may enhance 
practical handling of the ECG. The special anatomic and 
pathophysiologic conditions are discussed in later chapters. 

1 Anatomy of the Impulse Formation 
and Impulse Conduction Systems 



bundle branch (the right ventricular fascicle), reaching the 
right ventricle, and the left anterior fascicle, responsible for the 
conduction to the high lateral portion of the left ventricle. The 
left posterior and left anterior fascicle together are called left 
bundle branch. In about half of the intraventricular systems in 
humans there is a fourth fascicle, called the left medial fascicle, 
or there is a plurifascicular left ventricular conduction system 
consisting of up to ten small fascicles [2]. All of the right and 
left fascicles are subdivided into smaller ramifications; the 
finest fibers that reach the working muscle cells are called 
Purkinje fibers. 



Figure 1.1 shows the anatomy of the impulse formation and 
conduction systems. The normal cardiac electric impulse is 
created by the sinoatrial (SA) node, called the sinus node (SN), 
that is located in the superior and posterior wall of the right 
atrium. The peripheral cells of the sinus node are conduction 
fibers. Several intra- and interatrial conduction bundles have 
been described (such as the Bachman bundle) but their func- 
tion has not been proven. 

The atrioventricular (AV) node is situated just above the 
interventricular septum. The AV node is characterized by a 
functional longitudinal dissociation into two pathways, the 
alpha and the beta. These pathways have different conduction 
velocities and refractory periods and - like every conduction 
substrate - may also conduct retrogradely (these properties 
represent the condition for the circus movement of the electric 
impulse in AV nodal reentry tachycardia). 

The AV node is directly connected to the His bundle, a 20- 
mm-long bundle running down the septum that divides into 
several branches. The first branch is the left posterior fascicle, 
which has a relatively large caliber and spreads out to the pos- 
terior and inferior portions of the left ventricle. Some millime- 
ters further the remnant His bundle bifurcates into the right 



2 Normal impulse Conduction 

The electric impulse of the sinus node is transmitted by its 
peripheral cells to the nearest atrial working cells. It then trav- 




Sinus node 
AVnode 
Right atrium 
Right bundle branch - 

Right wentrtde 



Left atrium 



His bundle 
Left posterior fasdde 
Left anterior fascicle 
Left ventricle 



Figure 1.1 

Anatomy of the impulse formation system and the impulse conduc- 
tion system 
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Overall View 




Figure 1.2 
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els in concentric waves throughout the right atrium, reaching 
the left atrium and the AV node. 

The impulse is slowed down for 60-120 msec in the AV 
node. Normally the impulse is conducted over the slow alpha 
pathway. This braking allows the atrioventricular valves to 
open and the ventricular walls to relax, thus enabling passive 
ventricular filling. This passive ventricular filling (during the 
ventricular diastole) is sustained by the atrial contraction (atri- 
al kick) during the atrial systole. The electric impulse then 
spreads out very quickly (at a speed of 4 m/sec) down the His 
bundle, the ventricular fascicles, and the Purkinje fibers. 

Its final ramifications are connected to the working muscle 
fibers in a network. The electric impulse induces contraction 
by an electromechanical coupling mechanism. 

In about 1% of the population there is at least one (rarely 
more) accessory conduction pathway. Accessory conduction 
pathways are residual embryologic conduction bundles bet- 
ween the atria and the ventricles. An accessory pathway is a 
condition for the circus movement of reentry tachycardias in 
patients with the Wolff-Parkinson-White syndrome. 



3 Action Potential of a Single Cell of 
Working Myocaidium and its Relation 
to Ion Flows 

Figure 1.2 shows the intracellular action potential of a ‘work- 
ing’ heart muscle cell. At rest the myocardial cell is polarized at 
about - 90 mV. The electrical stimulus (symbolized as "^) depo- 
larizes the cell very fast, up to 0 mV; this is called phase o (with 
an ‘overshoot’ called phase 1). It is due to a quick shift of sodi- 
um ions from the extracellular space into the cell. Phases 0 and 
1 correspond to the QRS in the ECG. 

In phase 2, which is relatively flat, important and complex 
shifts of calcium occur. Phase 2 corresponds to the ST segment 
in the ECG. It is therefore understandable that calcium imbal- 
ances influence the duration of the ST segment. 

During phase 3 the action potential slowly returns to its 
polarized state, mainly founded on shifts of potassium ions, 
transported from the cell to the extracellular space. Phase 3 
corresponds to the T wave in the ECG. 
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In phase 4 the cell remains constantly polarized at - 90 mV 
until the next stimulus induces depolarization. However, in 
phase 4 there is an important (and essential) exchange between 
sodium ions (that are transferred out of the cell) and potassi- 
um ions (that are transferred into the cell) in order to restore 
the pre-existing extra- and intracellular ion content. This is 
performed with the help of the sodium-potassium (Na/K) ion 
pump. In the ECG, phase 4 corresponds to the isoelectric line 
between the end of the T wave and the beginning of the next 
ventricular cycle. Overall, the intracellular action potential 
shows a monophasic configuration, which strongly resembles 
the typical ECG pattern of acute myocardial infarction. In this 
condition the term 'monophasic deformation’ is therefore 
used. 

Figure 1.3 shows the main differences between the action 
potential of a) a working cell, b) a conduction cell, and c) a 
sinus node cell. In working fibers, the phase 4 of the action 



mV 




mV 




mV 




Figure 1.3 

a) Action potential of a single working heart muscle cell; b) action 
potential of a single conduction cell; c) action potential of a single 
sinus node cell 



potential remains stable (Fig. 1.3a). In contrast, in conduction 
fibers there is a slow depolarization during phase 4 that is 
called slow spontaneous phase 4 (diastolic) depolarization. This 
is an inherent characteristic also of a pacemaker cell, and it 
explains the potential capacity of a conduction cell to act as 
pacemaker. If the cell is not depolarized by an electrical stimu- 
lus before reaching the threshold at the level of about - 60 mV, 
it spontaneously depolarizes (Fig. 1.3b). This fact is important 
for understanding arrhythmias such as premature beats, 
escape beats, and escape rhythms. 

A ventricular premature beat (VPB) is generated by a dis- 
eased Purkinje cell (or a group of fibers) that shows a faster 
spontaneous phase 4 depolarization than the sinus node. Thus 
the premature beat falls in too early (as the term describes it), 
disturbing the normal rhythm. 

In contrast, an escape beat falls in too late (visually). For 
example, in the case of complete infra-Hissian atrioventricular 
block, asystole would occur - without a ventricular escape beat 
(or rhythm). As for the mechanism behind this, since no elec- 
tric stimulus reaches the Purkinje fibers, their spontaneous 
phase 4 depolarization potential reaches the threshold and 
produces an action potential - an ordinary depolarization. The 
Purkinje fibers substitute the absent rhythm at a lower rate, in 
a beneficial manner. 

The shape of the action potential between conduction cells 
and pacemaker cells does not differ, in principle. However, a 
relatively /flst slow spontaneous phase 4 depolarization, associ- 
ated with a short action potential (both resulting in a relative 
high rate), allows the pacemaker fibers to depolarize first. In 
normal conditions the fibers of the sinus node have the short- 
est action potential, thus dominating the heart rhythm 
(Fig. 1.3c). 

4 Atrial Depolarization and 
Repolarization 

In practice, the atrial depolarization occurs longitudinally. 
Because of its greater distance from the sinus node, the left 
atrium is depolarized 20-40 msec later than the right atrium. 
The depolarization of the atria lasts 80-110 msec and corre- 
sponds to the p wave in the ECG. The atrial repolarization, 
called Ta, follows the same way as the depolarization, and lasts 
about 300 msec (up to the apex of the ventricular T wave). The 
Ta wave is not visible in the ECG in normal conditions. In acute 
atrial infarction (a very rare condition) it may influence the 
segment between the end of the p wave and the beginning of 
the QRS complex, and eventually the beginning of the ST seg- 
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Overall View 




ment, by an elevation up to 1.5 mm. A depression of this seg- 
ment is occasionally seen in elevated sympathetic tone. The 
alterations described are best visible in the limb leads. 

The atrial vector lasts 90 msec and represents the sum of 
the right atrial vector and the left atrial vector (Figs 3.ia-b; 
Chapter 3 The Normal ECG and its Normal Variants). Because 
the sinus node is localized in the upper right atrium, the acti- 
vation of the right atrium begins about 30 msec earlier than 
that of the left. Consequently, the activation of the right atrium 
terminates about 30 msec earlier than that of the left. Because 
the right atrium is localized anatomically anteriorly and more 
to the right, and the left atrium posteriorly and more to the left, 
the directions of these two atrial vectors are completely differ- 
ent. The right atrial vector points anteriorly, slightly inferiorly, 
and to the right, and the left atrial vector points posteriorly, 
slightly upwards, and to the left. The whole (sum) atrial vector 
is directed inferiorly, to the left, and anteriorly. The atrial vec- 
tors in pathologic conditions are described in Chapter 4 (Atrial 
Enlargement and Other Abnormalities of the p Wave). 

5 Ventricular Depolarization and 

Repolarization 

5.1 Vectors and Vectorcardiogram 

Every depolarized heart cell produces an electric vector that 
has its amplitude, polarity, and (3-dimensional) direction. The 
sum of the vectors of all depolarized ventricular cells can be 
visualized with the ventricular vectorcardiogram. Figure 1.4 
shows the spatial ventricular vectorcardiogram and its projec- 
tion on the frontal and horizontal plane. The frontal ECG can 
be derived from the frontal vectorcardiogram (Fig. 1.5). This 
derived ECG is very similar to the directly derived ECG. The 
direct ECG in the horizontal plane is different from the ECG 
derived from the horizontal vectorcardiogram due to the ‘mag- 
nifying glass’ effect and the ‘proximity’ effect influencing volt- 
age and polarity in the precordial ECG leads (see Section 7 
below). 

5.2 Simplified QRS Vectors 

Figure 1.6 shows simplified QRS vectors. A vector is a theoreti- 
cal model for an electric force. We distinguish between QRS 
vectors, ST vectors, and T vectors. The concept of vectors, espe- 
cially QRS vectors with their amplitude and their directions in 
all three dimensions, is of great importance for understanding 
the scalar ECG in normal and some pathologic conditions 




Figure 1.4 

Ventricular vectorcardiogram 




Figure 1.5 

Frontal ECG derived from the frontal QRS vector loop 



(such as bundle-branch blocks, fascicular blocks, left and right 
ventricular hypertrophy, and myocardial infarction). In addi- 
tion, the instantaneous vectorial interpretation, as presented 
here (and later) in a simplified manner, considerably eases 
memorizing of the important ECG patterns. In normal and 
pathologic conditions (excluding left bundle-branch block and 
corrected transposition of the great arteries), ventricular exci- 
tation begins in the middle part of the interventricular septum 
on the left side and spreads out throughout the septum, from 
left to right. This first QRS vector (or septal vector) is known as 
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figure 1.6 

Simplified QRS vectors 

vector 1 and lasts about 15 msec; it is generally directed to the 
right, anteriorly, and slightly downwards, and corresponds to 
the small Q wave in leads I and V^/V^. In other leads (for 
instance in V^/V^) the same vector leads to a small R wave, due 
to projection. 

Afterwards, the apical part of the left ventricle is depolar- 
ized, followed by excitation of the main portions of the left 
(and right) ventricle. The large second QRS vector (vector 2) 
lasts about 60 msec, is generally directed to the left, inferiorly, 
and mostly slightly posteriorly, and corresponds to the tall 
R waves in leads I and V^/V^, and the deep S waves in V^/V^. 
The large left ventricular main vector completely swallows the 
small simultaneous right ventricular ‘vector 2a’, produced by 
the depolarization of the right ventricle, with its muscle mass 
15 times smaller than that of the left ventricle. With respect to 
ventricular depolarization (and repolarization) the human 
EGG represents a levogram. The right ventricular activation is 
only visible in the EGG in conditions that increase the RV vec- 
tor (in right ventricular hypertrophy) or delays right ventricu- 
lar excitation (in right bundle-branch block). 

The remaining small upper ventricular parts (of the high 
lateral wall of the left and right ventricle and the upper part of 
the septum) are excited last. The third small QRS vector (vec- 
tor 3) lasts about 15 msec, points generally superiorly, to the 
right, and posteriorly, and leads in the EGG to the small S wave 
in leads I/V^ and to the last part of the S wave in leads V^/V^. 

The QRS configuration in an EGG lead depends on the vari- 
ations of the frontal QRS axis (the variations in the horizontal 



plane are of minor degree) on one hand, and, on the other, on 
the projection of the three ventricular vectors in the different 
EGG leads in the frontal and horizontal plane. A ‘QRS’ complex 
may also be an RS complex, a QS complex, or a simple R wave, 
and so on (Fig. 1.14). 

The ventricular repolarization begins at the epicardium of 
the lateral ventricular walls and follows more or less the oppo- 
site direction to the depolarization. In the EGG it is represent- 
ed by a part of the ST segment and by the T wave that again 
reflect left ventricular repolarization. The significance of the 
U wave is not clear. It may correspond to the repolarization of 
the Purkinje fibers. 

6 Lead Systems 

The 12 standard EGG leads are composed by six frontal leads 
and by six horizontal leads. The frontal plane is defined by the 
X and Y axes. The frontal bipolar leads contain leads I, II and 
III (Einthoven’s bipolar leads) and leads aVR, aVL and aVF 
(Goldberger’s so-called modified unipolar leads). The posi- 
tions of the leads are presented in Figure 1.7. 

Figure 1.8 shows Einthoven’s triangle. A triangle with an 
asymmetric configuration, with the inferior apex pointing 
slightly to the right would, however, be more appropriate for 
the anatomical position of the heart. 

In ‘Gabrera’s circle’ the six frontal leads are integrated in the 
conventional system of coordinates in degrees (Fig. 1.9). 

The horizontal plane is defined by the X and Z axes. The 
precordial leads were introduced by Wilson et al [3,4]. The 
localization of the six precordial unipolar leads Vj to is 
shown in Figure 1.10. The additional dorsal unipolar leads V^, 
Vg and Vp are important for direct detection of a posterior 
myocardial infarction and the additional right-precordial 
unipolar leads are indispensable for the detection of right ven- 
tricular myocardial infarction (Ghapter 13 Myocardial 
Infarction). 

Figure 1.11 shows the position of the Nehb leads (Nehb’s tri- 
angle) that may, in some cases, better detect a posteroinferior 
infarction. The modified triangle of Sanz has added further 
aspects [5]. 

7 'Magnifying Glass' and 'Proximity' 
Effects 

The distance from the heart to the exploring lead influences 
the amplitude of the EGG components. Evidently this is only 
valid for unipolar chest leads. A short distance (leads to 
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Cabrera's circle 
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Position of the precordial ieads Nehb ieads 



V3/V4) enlarges the amplitude, a greater distance (leads V^/V^ 
to Vp) reduces the amplitude. Thus the S wave in V^/V^ is of 
greater amplitude than the R wave in to V^. The amplitude 
in these leads is also decreased by the lung. The phenomenon 
is especially evident in the presence of a left bundle-branch 
block. Moreover, a precordial unipolar lead near the heart may 
better detect the vectors that are produced by myocardium just 
lying under the lead. This may produce an unexpected EGG 
pattern in certain special conditions (EGG 32.5a: Ghapter 32 
Rare EGGs). 

8 Refractory Period 

As illustrated in Figure 1.12 the heart muscle is not excitable 
during a period covered by the QRS complex, the ST segment, 
and a portion of the T wave (roughly at the apex). This period 
is called the ‘absolute refractory period’. During the following 
short period - called the ‘relative refractory period - the heart 
muscle is only excitable under special circumstances (such as 
ischemia) or by strong impulses (e.g. pacemaker impulses). 
This period is more or less identical to the so-called ‘potential- 



ly vulnerable’ period. A ventricular premature beat falling into 
this ‘vulnerable’ period (‘R-on-T’ phenomenon) may induce 
ventricular fibrillation. Similarly, an atrial premature beat dur- 
ing the atrial repolarization (Ta) may induce atrial fibrillation 
(‘p on Ta’ phenomenon). 

Another short period follows - the supernormal period - 
where a weak impulse below the normal stimulation threshold 
provokes depolarization. A ventricular premature beat falling 
in this period (covered by the last portion of the T wave and 
about 30 msec after the end of the T) never induces ventricular 
fibrillation, in contrast to that arising late in the ventricular 
cycle, in the region of the successive p wave. Besides the ‘vul- 
nerable period’ there is another situation of membrane insta- 
bility in this late ventricular period. 

9 Nomenclature of the ECG 

The descriptions of the electric heart cycle are presented in 
Figure 1.13 and the nomenclature of the QRS configuration in 
normal and pathologic conditions is shown in Figure 1.14. The 
nomenclature of the different grades of 'ischemia' are shown in 
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Figure 1.13 

Nomenclature of the electric heart cycle 



Figure 1J2 

Refractory period 






Figure 1,14 

Nomenclature of the QRS configuration 
in normal and pathologic conditions 
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subendocardial lesion 



transmural lesion 
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Figure 1.1 5 

T and ST alterations in the different stages of ischemia 




Figure 1.15. The expressions for ischemia used below are elec- 
trocardiographic terms and represent the different grades of 
hypoxia of (mostly left) ventricular myocardium. 

The slightest grade of ischemia manifests as high and 
peaked T waves and is called 'subendocardial ischemia'. The 
same morphologic alteration we find in moderate hyper- 
kalemia. A higher grade of ischemia leads to the pattern of 
symmetric negative T waves. The term 'subepicardial ischemia' 
is sometimes used. The same alteration is found in many con- 
ditions besides ischemia (see Chapter 17 Alterations of 
Repolarization). 

An even higher grade of ischemia leads to depression of the 
ST segment and is called 'subendocardial lesion'. This alter- 



ation is also rather unspecific and is seen in conditions such as 
left ventricular hypertrophy and in patients receiving digitalis. 
ST depression is the best marker for ischemia during exercise. 

These three grades of ischemia are reversible in many 
patients. 

The highest grade of ischemia leads to extensive elevation 
of the ST segment ('monophasic deformation') and is called 
'transmural lesion' or 'transmural injury'. This EGG pattern is 
only reversible in the case of vasospastic angina (Prinzmetal 
angina) and in other rare conditions. In about 99% of trans- 
mural lesions, ischemia persists and myocardial infarction 
(necrosis) develops, with appearance of new Q waves. Minor 
degrees of ST elevation are seen in pericarditis, early repolar- 
ization and other conditions, all in the absence of true 
ischemia (see Chapter 17 Alterations of Repolarization). 

It has to be mentioned that theoretically in all grades of 
'electrocardiographic ischemia' we find the highest grade in 
the subendocardial layers of the (left) ventricular myocardium. 

For readers who are interested in more detail about the the- 
oretical basis we would recommend the book by Bayes de Luna 
[6], and the work by Gettes [7], which is published as an 
admirable CD ROM. 
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Chapter 2 

Practical Approach 



At a Glance 



Some readers just taking a glance can be so fascinated by a 
special pattern on the ECG tracing (e.g.a bundle branch block 
or a striking Q wave) that they may overlook another 
abnormality; the best way to avoid such errors is to analyze 
the ECG systematically, step by step. 

Before an ECG can be interpreted independently, it is necessary 
for the interpreter to know the basics of electrocardiography 
and rhythmology — the measurement of time intervals, the 
nomenclature, determination of the frontal QRS axis, defini- 
tions of pathologic Q or QS waves, differentiation between left 
and right bundle-branch block (BBB), and so on. The following 
requirements are valid: 

i. Study of a short (good) ECG book. 

ii. Interpreting hundreds of ECGs under the supervision of an 
experienced ECG reader. The ‘New standards on electrocar- 
diogram interpretations’ of The American College of Car- 
diology and the American Heart Association [i] recom- 



mend the following: reading a minimum of 500 tracings 
under expert supervision; ambulatory ECG training with 
supervised reading of an additional 150 tracings; and inter- 
pretation of at least 100 resting ECGs and 25 ambulatory 
ECGs per year. 

Readers of either section of this chapter who find these 
approaches complex, or boring, should consider that: 

i. knowing only how to measure ‘ECG intervals’ and to distin- 
guish LBBB from RBBB does not make sense 

ii. this chapter presents the author’s own approach, which is 
roughly the same as that of every experienced ECG reader 

iii. interpreting ECGs is not child’s play. 

The sections At a Glance and The Full Picture both contain 
reflections about differential diagnosis, and after some prac- 
tice these reflections should come automatically to the reader. 
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At a Glance 




ECG 

1 The Practical Approach 

Pathologic findings are shown in italics: 



Table 2.1 



1* Measurements {often done by the ICG machine) 



• rate (ventricular; and atrial in some cases]; paper speed 25 mm/sec or 50 mm/sec 

• P duration 

• PQ interval 

• QRS duration 

• QT interval 

• plus detent! ination of th e AQRSp 



2. Analysis of rhythm 



• Sinus rhythm (SR)? 

• Other su pra ventricu I ar r hythm ? 

- Monsinusa! p waves :^jfr/i3/rfryt/im 

- Nop waves or retrograde atrial excitation rhythm; AV reentry rhythm (tachymdias} 

- Atrial flutter waves: atria! flutter 

- Atrial fibrillation waves :£rrr/cj^ ffbriiiatm 

- Additiondaberratiori? Broad QRS {k 120 msec): BBB 

- Addftmai AV block r, 2”of (possible in all supraventricular beats except in AV reentry tachycardias) 

• Ventricular rhythm? (in most cases: AV dissociation) 

- Tachyca rd i c: ventricular tachycardia 

- Bradyca rdic: ventricular eaape rhythm 

• Premature beats? 

- Small QRS: SVPBs 

- Broad QRS (>120 msec):VPBs 

- Different! a I d i agnosis: SVPBs with abe rration 

• Arrhythmiasnotfulfillingthecriteriamentioned above 



1 . Morphologic analysis of components of the ICC (consider the calibrationt Normal 1 mV = 10 mm; half calibration; 1 mV = 5 mm) 



• p wave (sinusal) 

- Normal 

- Signs for right left or biatrial enlargement 

• QRS {in SR) 

- Normal 

^ Wide (> 1 20 msec) : R88B, LBBB or bilateral 8BB 
Differential diagnosis:pre-evffWf/orj: delta wave and shortened PQ 

- Voltage criteria for LVH or RVH (or 8VH} 

- (Formally) pathologic Q or QS waves: typical for myocardial infarctm; typical for other conditions (normal variant, false poling of 
limb leads, LVH, pre-excitation, LBBB 

- other criteria for LAFB or LPFB 



continued on next page 



14 









Table 2.1 
(continued) 

• ST segment 

- ST elevation 

a. Mormal variant or 'early re polarization') 

b. Typical for ntiiteAf/ 

c. Typical for acute pefkmditk 

- ST depression 

a. kchemia 

b. m 

c due to MS 

• T wave 

- T negativity 

a. Symmetric: 

I. ischemia; other cond itlon s {e.g. subacute perkarditis] 

b. Asymmetric: 

i . norma i (due to projection : often in h II l/aVF) 

ii. iVH/LVovedoad 
liL dtietoSfi^ 

- T positive, ta II an d pea ked: hyperkalemia; peracate ischemia (rare) 

• QT interval 

- QT prolonged: long OT syndromes; hypocalcemia 
“ QT shortened :/ryperco/cemra 

• Uwave 

- FusionofTandUi/jypofejtemw 

- U negativity : ischemia; LVH; other conditions 

AQRSp, frontal QRS axis; BBB, bundle-branch block; LAFB, left anterior fascicular block; LPFB, left posterior fascicular block; LVH, left ventricular hypertrophy; Ml, myocar- 
dial infarction; SR, sinus rhythm; SVPB, supraventricular premature beat; VPB, ventricular premature beat; VT, ventricular tachycardia. 



1.1 Definitive ECG Diagnosis 

Take the important normal and pathologic findings from the 
analysis above and put them into the following scheme: 



Table 2.2 





Example 1 


Example 2 I 


Rhythm/rate 


SR, 72/mm 


Atrial hbnllation, medium rate 90 (max. 140, min. 40) 


P 


Mormal 




PQ 


Normal (0.16 sec) 




AQRSf 


Vertical (+ BO'") 


LAD(-60"):iAf& 


QRS 


Normal 


0,12 sec, m 


ST 


Normal (elevation in Vj/V^) 


Minor changes due to LAFB 


T 


Normal {negative in III) 


idem 


QT 


Normal 


Prolonged? 


Special remarks 




Fusion ofJandU 


Diagnosis 


Normal ECG 


Airiai fibriHation, LAFB, LVH, hypokalemia? 



LAD, left axis deviation; LAFB, left anterior fascicular block; LVH, left ventricular hypertrophy; SR, sinus rhythm. 
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At a Glance 





The Full Picture 



ECG Special 

In our experience readers preferring the full picture may also 
have a lack of concentration during ECG interpretation, thus 
falling into the same traps as the glancers. The reasons for this 
are manifold. 

Short Story/Case Report 1 

About 10 years ago an ECG with obvious pre-excitation 
(ECG 2.1) — diag nosable by every dentist— was shown to the 
author by a very good-looking female colleague. The 
author’s concentration was focused on the wrong subject 
and he interpreted the ECG as being normal. 

2 Practical Approach 

The practical approach includes: 

i. analysis of rhythm 

ii. morphologic analysis of p, QRS, ST and T (U) waves (meas- 
urement of the PQ interval and of the QT (QTc) interval are 
included) 

iii. definitive ECG diagnosis. 

2.1 Analysis of Rhythm 

Typical pathologic findings are in italics (Table 2.3): 



Table 2.3 



Stepi 



Regular or irregular? 

• Regular: in most cases normal SR 

pathologic regular rhythms: escape rhythm; some forms of SVTs; VT 

• Irregular: the most frequent reason is regular SR with SVP8s and VP8s; 
complete irregularity of the P-R intervais: atrial hbhltatm 



Step 2 



Normal [sinusal p) wave present? »> SR.If nof: 

• Abnormal (nonsinusal) p waves ptesem. atrial rhythm 

• Nop waves: AV jmctional rhythm 

• Repla ceme nt of p waves by other atrial wuver atrial flutter or atrial 
ffbriiiation 



Step 3 



Rate (of the ventricles)? Eventually rate of the abnormal {aonsinusah 
p waves or flutter waves! 



Step 4 



PQ interval? If we measure the PQ interval, we will not only recognise a 

prolongation or shortening of the PQ time, but also that: 

• p waves are pa rtially con ducted, and partially not conducted, i n varia ble 
man ners: in the three forms of A V block 2 

• Nop wave is conducted: this means that the atria and ventricles are 
working independently horn each other, in the presence ofAV block r 
(complete AV block} 

• p waves are twisting around the QRS complexes (in the special forms of 
AV dissociation} 



Step 5 



QRS duration normal [^ 90 msec) or prolonged! 

QRS ^120 msec:paffem ofBSB 

* Supraventricular rhythm/tachycardia with aberration 

* Ventricular origin of the rhythm (with AV dissociation} 

- Low rate (ven tricular escape rhythm) 

- Medium rate (occelerotedidioventrkuhr rhythm} 

- High rate (VT} 

BBB, bundle-branch block; LVH, left ventricular hypertrophy; SR, sinus rhythm; 
SVPBs, supraventricular premature beats; VPBs, ventricular premature beats; VT, 
ventricular tachycardia. 
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2^ Detailed Analysis of Morphology 



Table 2.4 



Step 1 



P wave 

1 . Normal [sinusal)? (p duration 90-1 1 0 msec); note that a negative p in 
lead I mear^s 'false poling' of the limb leads in 99% of the cases 

2. Pathological p- waves 

• p duration >110 msec, accentuated terminal negativity in lead V, : 
LA enfargement 

• p voltage > 2.5 mm in leads 111 and aVF: RA eniargement 

• su mmatio n of both LA a nd R A e niargement: biatrial entargement 



Step 2 



QRS 

1 . Frontal QRS axis = AQRSp? (DO of different AQRSp see Chapter 5) 

2. Broad QRS? 

• Typical configuration for aberration: R8BB (QRS > 120 msec) or L8BB 
[> 140 msec); more or less typical BB6 (> 160 msec): suspicious for 
severe hyperkalemia 

• Typical pattern of bilateraiBBB {RBBB+LAFB or RB8B+LPFB] 

• Atypfca I B BB-1 i ke confi gu ration [QRS > 1 SO msec) : sus picious for 
ventricular origin of rhythm, generally with AV dissociation 

3. (Formally) pathologic Q or QS waves? 

• TypI cal for old Ml? (combined with symmetric negative T waves; 
typical history; risk factors forCHD) 

• Atypical for old Ml? (combined with asymmetric discordant T waves; 
atypical history; no risk factors for CHD) 

Differential diagnosis: 

• Artifact: 0/QS In lead I: false poling of limb leads 
(differential diagnosis: situs inversus) 

• Normal variant: QR or QS in lead III ('Qm'): due to projection 

• [mfQRorQSinleadlll('Q||f)l 

• Pre-excitation (QS in IB, aVF} 

• Hypertrophic (obstrualve) cardiomyopathy 

• L8B8 (QS in III, al/^- to , with duration s 1 40 msec) 

(Formally pathologic Q waves see Chapter 14) 

4. Signs for LVH or RVH? [Chapters 5 an d 6) 

i Signs for Of ira.? (Chapter 9) 

6. Presence of delta wave? (with shortened PQ: pre-excitation) 

7, Presen ce of notch ing/s I urri ng ? 

• Normal variant [Chapter 3) 

• Pathologic, e.g Jn o/d M o r /e/r fasckular block (Chapters 9 and 1 3) 



Table 2.4 



Steps 



ST segment 

1. ST elevation? 

• Normal variants: ST (in Vj/Vj) 'early repolariMion' (Chapter 3) 

• Pathologic: typical for acute M/; consider other findings: symptoms, 
history, risk faaors for CHD [Chapter 1 3) 

• Path ologic: ty pi cal f or ocure pericarditis: kontaf S T vector about + 70^^. 
ST elevations in leads oVF,\\ and I (Chapter 15) 

• Pathologic: typical for mirror image of ST depression: e.g. in iVH; systolic 
LV overload 

2. ST depression? 

• Ischemic 

• LVH; LV overload 

• Hefoted to B8B or other conditions (C ha pter 1 7) 



Step 4 



T (and U) waves 

1. AsymmetricT negativity? 

• No rmal in lead Vy norma t in vertica I AORS^: In a VR I II [I I); 
normal in leftAQRSp'in aVL 

• Patho log I c in LVH; LV overload; pre-excitation; 8BB 

2. Symmetric T negativity? 

• Often ischemic, but extensive differential diagnosis: 

Later stage of pericarditis; LVH: LVovertood; acute pancreatitis; 
drugs; others 

3. High and symmetric T? 

• Ischemia (ra re. because short-lasti ng ) 

• Hyperkalemia 

4. U negativity? 

• /scftemrc; other conditions 



Step 5 



QT interval 

1. QT prolonged 

• long QT syndromes ' (Chapter 26) 

• Hypocakemia 

2. QT shortened : Aypefcafcemw 

3. Fusion ofT and hypokalemia 



Step 6 



Definitive diagnosis (see Table 2.2) 

AQRSp, frontal QRS axis; BBB, bundle-branch block; CHD, coronary heart disease; 
LA, left atrial; LAFB, left anterior fascicular block; LPFB, left posterior fascicular 
block; LVH, left ventricular hypertrophy; Ml, myocardial infarction; RA, right atri- 
al; SR, sinus rhythm; SVPBs, supraventricular premature beats; VPBs, ventricular 
premature beats; VT, ventricular tachycardia. 
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The Full Picture 










As mentioned above, an EGG must be interpreted in the con- 
text of the clinical findings of a patient; therefore in the ECGs 
in this book we give the age, gender, and clinical diagnosis of 
the patients, whenever convenient and possible. 
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ECG2.1 

Pre-excitation with short PQ interval (0.10 sec). Obvious positive 
delta waves in III and aVF. Striking Q waves (negative delta waves) 
in I and aVL and abnormal R waves in and V 2 . Note also biphasic 
(- 1 -/-) delta waves in V 5 and Vg. 
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Chapters 

The Normal ECG and its (Normal) Variants 



At a Glance and The Full Picture 



This chapter Is not divided in two sections because the 
knowledge of the normal ECG and its normal variants is as 
essential for those readers choosing to glance as for those 
preferring the full picture. This chapter can be used as a 
dictionary by both types of readers. 

When we interpret an ECG we compare it instantaneously with 
the normal ECG and normal variants stored in our memory; 
these memories are stored visually in the posterior parts of the 
cerebrum and intellectually in the frontal parts. If these reser- 
voirs contain only question marks, we are as helpless and lost 
in our interpretation as someone wandering through a snow- 
storm without a compass. It is important therefore to fill, or 
reactivate, these reservoirs. 

Normal ECG variants will be discussed extensively in this 
chapter, because their interpretation often leads to a wrong 
diagnosis. In contrast to pathologic ECG patterns, normal vari- 
ants can be described as constant ECG patterns that are neither 
linked to corresponding typical symptoms, nor to corresponding 
clinical and anamnestic findings, and not to drugs. 

As early as 1959, Goldman [1] demonstrated that misinter- 
pretation of normal variants can lead to cardiac invalidism. 
Even today, ill-advised diagnostic and ‘therapeutic’ interven- 
tions may be based on normal variants. 

The differential diagnoses of normal variants - the patho- 
logic conditions - are presented in brief throughout this chap- 
ter. 

1 Components of the Normal ECG 

The time intervals of the ECG must be measured and the whole 
ECG must be examined systematically and with caution in 
order to avoid mistakes (Chapter 2 Practical Approach). In gen- 
eral, computers measure more precisely than the human eye. 



However, computers can generate terrible errors, such as in 
determining rate - in the presence of high T waves, the com- 
puter may indicate double the real rate. For the patterns of 
myocardial infarction and intraventricular conduction distur- 
bance, and for many arrhythmias, ‘computer diagnosis’ is unre- 
liable. 

1.1 Sinus Rhythm 

The sinus node is the normal pacemaker of the heart. Sinus 
rhythm is an obligatory component of the normal ECG. If we 
diagnose sinus rhythm, we mean that the whole heart (the atria 
and the ventricles) is depolarized by the electrical stimulus 
originating in the sinus node and we use the abbreviation SR 
(ECG 3.1). 

In some special conditions, such as complete atrioventricu- 
lar (AV) block or in patients with a one-chamber ventricular 
pacemaker (VVI), the expression sinus ‘rhythm’ should be 
restricted to atrial rhythm only. A second rhythm that is 
responsible for the activation of the ventricles must be 
described separately. For example, ECG 3.2 shows complete AV 
block; sinus rhythm of the atria, rate 102/min; ventricular 
escape rhythm, rate 76/min. 

The rate of normal sinus rhythm is 60-100/min (or better 
50-90/min) [2]. Sinus rhythm with a rate below 50-60/min is 
called sinus bradycardia; sinus rhythm with a rate above 
100/min is called sinus tachycardia. Generally, sinus rhythm is 
not completely regular, especially at lower rates. If the devia- 
tion exceeds more than 15% of the basic rate, the term sinus 
arrhythmia is used. In young healthy people the rate variabili- 
ty may exceed 50%. 

Sinus bradycardia (ECG 3.3) is often seen as a normal vari- 
ant in individuals at rest, and usually in athletes. Episodes of 
sinus bradycardia at a rate < 40/min were observed in young 
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Overall View 





Figure 3.1a 

Normal atrial vectors and corresponding p waves in the frontal 
plane. RAV=right atrial vector; LAV=left atrial vector; pV=p vector. 

healthy people, in 24% of men and 8% of women; with sinus 
pauses of up to 2.06 sec in men and 1.92 sec in women [3,4]. 

Differential diagnosis: Frequent organic disorders are hypothyreo- 
sis, cerebral diseases with elevated intracranial pressure, liver dis- 
eases, conditions following heart valve operations, and the sick 
sinus syndrome. 

Sinus tachycardia (EGG 3.4) is normal during exercise and 
under conditions of mental stress. 

Differential diagnosis: Includes febrile status, heart failure, hyper- 
thyreosis, tumoral diseases, and cachexia. 

Sinus arrhythmia is almost always normal (EGG 3.5). The rate 
variation depends on respiration, so that during inspiration the 
rate increases and during expiration the rate decreases, always 
with some delay. The rate deviation may reach 50% in children 
and +/- 15% in middle-aged people; in the elderly the devia- 
tion is small or absent. 

Differential diagnosis: Atrial premature beats originating near the 
sinus node. Note: sinus arrhythmia is generally not a component of 
the sick sinus syndrome. 

1 ,1 .1 Atrial Vectors in Sinus Rhythm 

Because the sinus node is situated in the right atrium, the acti- 
vation of the right atrium begins about 30 msec before the acti- 
vation of the left atrium. For the diagnosis of sinus rhythm it is 
not sufficient that after a normal PQ interval, a p wave is fol- 
lowed by a QRS. The activation of the atria by the electric stim- 
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Figure 3.1b 

Normal atrial vectors and corresponding p waves in the horizontal 
plane. RAV=right atrial vector; LAV=left atrial vector; pV=p vector. 

ulus of the sinus node produces a typical p vector in the frontal 
and horizontal leads. The right atrium vector points inferiorly, 
anteriorly, and slightly to the right, whereas the left atrial vec- 
tor points posteriorly, to the left, and slightly downwards 
(Figures 3.1a and 3.1b). The p vector in sinus rhythm is a. fusion 
of the right atrial vector and the left atrial vector. In the limb 
leads, the fusion vector that corresponds to the p wave, has an 
axis of + 50° to + 80°, often about + 70°. As a consequence, the 
p wave is always positive in lead I and always negative in lead 
aVR (EGG 3.1). The p wave is mostly positive in II, aVF and III, 
but may also be biphasic (+/-) in these leads. In lead aVL, the 
p wave may be biphasic (-/-t-), positive or negative. If the p vec- 
tor is not considered, one may mix up sinus rhythm with other 
atrial rhythms and especially with the most frequent kind of 
false poling (erroneous exchange of the upper limb leads). In 
this case, as the most striking sign, the p wave is negative in I. 
Of course, the QRS complex and the depolarization are also 
inverse in this lead (EGG 3.6), whereas the p and QRS configu- 
ration in the precordial leads is normal (for other false poling, 
see Ghapter 32 Rare EGGs). 

In the horizontal leads, the normal p wave is positive in all 
leads Vj to V5, with one frequent exception: in lead Vj the p is 
often biphasic (+/-), with a first, positive portion and a (small- 
er) second, negative portion. The latter is due to activation of 
the left atrium that is placed dorsally in the thorax. 

Differential diagnosis: There is no real differential diagnosis of 
sinus rhythm. Only a (rare) focus near the sinus node cannot be 
distinguished from one of sinusal origin. 
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The presence or absence of sinus rhythm of the atria should 
be examined carefully especially in cases of complete AV block 
(where only the atria follow a supraventricular rhythm). 



Short Story/Case Report 1 

In December 2002 we found ventricular pacemaker rhythm 
at a rate of 84/min in a 63-year‘Old woman who had been 
implanted with a one-chamber (VVIR) pacemaker for treat- 
ment of complete AV block with syncope in 199b. Yet the 
diagnosis of the arrhythmia was incomplete. She did not 
have sinus rhythm of the atria, but atrial fibrillation 
(ECG 37)> thus needing additional therapy with an antico- 
agulation or aspirin. The correct and complete arrhythmia 
diagnosis is therefore: atrial fibrillation, complete AV block, 
ventricular pacemaker rhythm at a rate of 84/min. 

The scalar alterations of the p wave concerning amplitude, 
form and duration are described in Chapter 4 Atrial Enlarge- 
ment, and the p wave abnormalities due to arrhythmias are 
described in Chapters 18, 19, 23 and 24. 

1.2 PQ Interval 

The normal PQ interval is 0.13-0.20 sec. It is measured from 
the beginning of the P wave to the beginning of the QRS com- 
plex, being a Q wave or an R wave. Lead II is suitable for meas- 
uring this because the initial deflections of P and QRS are 
sharply defined in this lead. In some cases, the beginning of the 
P and QRS must be determined in another lead, or even in two 
different leads, registered simultaneously. In healthy individu- 
als a shortened PQ (without a delta wave and without paroxys- 
mal supraventricular tachycardia) is occasionally encountered 
(ECG 3.8). Also, there are AV blocks in normal individuals: 
AV block 1° in 8% (male) to 12% (female) [3,4] and intermittent 
AV block 2° type Wenckebach in 6% (male) to 4% (female) 
[3,4], especially in athletes, and during the night. 

Early atrial premature beats may be completely AV blocked 
in normal individuals, especially in persons with AV block 1°, 
and during bradycardia. 

Differential diagnosis: A PQ interval of more than 0.20 sec is 
defined as AV block 1°. A PQ interval of less than 0.13 sec associat- 
ed with paroxysmal supraventricular tachycardias represents the 
so-called Lown-Ganong-Levine (LGL) syndrome. In the Wolff- 
Parkinson- White (WPW) syndrome a shortened PQ is linked to a 
delta wave of the QRS complex. 



1.3 QRS complex 

13.1 QRS Axis in the Frontal Plane (AQRSp) 

The normal QRS complex is very variable in the frontal leads 
and quite uniform in the horizontal leads. 

In the frontal leads the direction of the QRS vector depends 
on habitus, body weight, body position, age (especially), and on 
unknown causes. The frontal QRS axis must be determined in 
a lying position. Generally, the mean QRS axis undergoes a 
rotation from right to left during aging. The reason is probably 
the increasing electric preponderance of the left ventricle com- 
pared to the right. Table 3.1 shows the common AQRSp axis 
(found in about 70% of normal individuals) in relation to age. 
ECGs 3.9a-3.9g represent such normal findings. Right-axis 
deviation or a left-axis deviation (ECG 3.9f shows near left-axis 
deviation) are very rare in middle-aged patients, and in these 
cases are often without explanation. Small changes of the QRS 
axis may be associated with the use of different ECG registra- 
tion machines. A substantial change of AQRSp within a short 
time needs further evaluation. 



Table 3.1 

General behavior of QRS axis in the frontal plane (AQRSp) in reia- 
tion to age 



1 Years 


AQRSp 1 


0-2 


+ 120" 


2-10 


+ 90" 


10-25 


+ 70" 


25-40 


+ 60" 


40-70 


+ 20" 


70-90 


-20" 



Differential diagnosis: a shift to the right is seen in some cases with 
pulmonary embolism, in emphysema, and chronic pulmonary 
hypertension. A shift to the left may be associated with inferior 
infarction or with left anterior fascicular block. The most spectac- 
ular alterations of the QRS axis without heart disease are seen in 
people with thoracic deformation, or after resection of one lung. 

An Sj/Sji/Sjjj configuration, generally with R waves greater than 
the S waves, is not a very rare finding in normal hearts (ECG 3.10) 
and may be associated with a frontal sagittal QRS axis. 

Differential diagnosis: This Sj/Su/Sui pattern is rarely seen in right 
ventricular hypertrophy, or dilatation. In these cases the S wave 
generally has a greater amplitude than the R wave. Other signs are 
often also present of right ventricular hypertrophy or right ven- 
tricular dilatation, such as a tall R wave in lead Vp or a pattern of 
incomplete or complete right bundle-branch block, and/or nega- 
tive T waves in V^ to V^. 
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Overall View 




1 32 QRS Ams in the Horizontal Plane 

The most common pattern in the horizontal leads is shown in 
EGG 3.1. In leads and there is a rS complex with small 
R waves and deep S waves. In lead (transition zone from a 
negative QRS to a positive QRS complex) the R wave is still 
smaller than the S wave. In lead the amplitude of the R wave 
is greater than that of the S wave, sometimes with a small 
Q wave. In leads V^/V^ a qR wave is generally seen, often with- 
out an S wave. 

In clockwise rotation (EGG 3.11) the transition zone from 
negative to positive QRS is shifted to the left. This condition is 
also called ‘poor R progression in the precordial leads’. 

Differential diagnosis: Glockwise rotation may be seen, for exam- 
ple, in the presence of ‘non-Q wave’ anterior myocardial infarction, 
or in right and/or left ventricular dilatation. 

Counterclockwise rotation (EGG 3.12) is characterized by a shift 
of the transition zone to the right. It is more common in young 
healthy individuals. In children up to 8 years of age a tail 
R wave in is frequent, and it occurs in 20% of children aged 
8-12 years, and in 10% aged 12-16 years [5]. An R : S ratio of >1 
in lead is rare in healthy adults (about 1%), whereas a R : S 
ratio >1 in lead is found in children in 10% [6]. 

Differential diagnosis: A prominent notched R wave, at least 
0.04 sec broad, in V^/V^ (V^) is seen in posterior infarction. An Rs 
complex in may be due to right ventricular hypertrophy. A tall 
R wave with delta wave in leads to (to Vg) is typical for one 
type of pre-excitation. 

In some cases clockwise or counterclockwise rotation may be 
caused by erroneous placement of the precordial leads by one 
intercostal space too low or one space too high, respectively. 

T 33 Two Special QRS Patterns 

Two puzzling QRS patterns often provoke diagnostic difficul- 
ties (Ghapter 14 Differential Diagnosis of Pathologic Q waves). 



a. Q III Type 

The so-called Qjjj type corresponds to a QS or QR pattern in 
lead III, sometimes combined with a significant Q wave, or very 
occasionally a QS pattern in aVF, and associated with a positive 
asymmetric T wave in most cases (EGGs 3.13a and 3.13b). 

The QS or QR pattern in lead III is found in normal hearts 
and in various pathologic conditions. 



T wave; or the Q/QS wave is followed by a positive T wave, perhaps 
due to mirror image in systolic overload or left ventricular hyper- 
trophy, to pre- excitation (with a negative delta wave) or left bundle- 
branch block (broad QRS and typical pattern in the other leads). In 
later stages of inferior myocardial infarction the T wave may also 
be positive in the inferior leads. 

b.QSvj/v2Type 

A QS pattern in leads and/or (EGG 3.14), found in healthy 
hearts, is a normal variant, or is due to misplacement of leads 
by one intercostal space (IGS) too high. In young people, there 
may be a negative T wave also in V^, mimicking a small 
anteroseptal infarction with ischemia. In other cases we find a 
QS type only in V^. The explanation is that on the thoracic wall, 
the lead is positioned superiorly compared with a line 
between and V^, thus suppressing the initial R wave. The dis- 
appearance of QS and the appearance of an rS complex, respec- 
tively, after moving lead (and V^) one IGS higher, is not a 
reliable criterion for absent infarction. 

Differential diagnosis: An additional Q wave in lead V^, or a QRS 
notching in more than two precordial leads, combined to a nega- 
tive T wave in lead V^, favors the diagnosis of old anteroseptal 
myocardial infarction. 

The correct diagnosis in Q/QSjjj and QSvi/v2 made not only 
by morphologic EGG criteria, but also by anamnestic and clin- 
ical findings. In cases of doubt, further examinations are nec- 
essary. 

1 3 A Other Normal Variants of the QRS Complex 

a. Notching Versus Pseudo-Notching 

Notching or a ‘notch’ is defined as a small (about 1-2 mm high) 
additional deflection with inverse polarity, within the Q, R, or 
S wave of the QRS complex (Figure 3.2a). In this book we do 
not distinguish between notching and slurring [that is defined 




Differential diagnosis: The pathologic conditions are: inferior Figure 3*2 

infarction, often associated with a persisting symmetric negative a. Notching of QRS. b. Slurring of QRS. 
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as ‘slight’ notching, without change of polarity (Figure 3.2b)]. 
Notching and slurring correspond either to a localized distur- 
bance (delay) of conduction and excitation, or merely may be 
due to projections (known as pseudo-notching). In practice it is 
important to distinguish between true intraventricular con- 
duction disturbance (notching) and a harmless functional al- 
teration, based only on vectorial projection (pseudo-notching). 

Differentiation between notching and pseudo-notching 
may be difficult. Slight pseudo-notching is frequently seen in 
the inferior leads III, aVF and II (ECGs 3.15a and 3.15b) and 
occasionally in lead aVL. A pseudo-notching in lead I is rare. 

Differential diagnosis: Left posterior fascicular block: Often 
‘slurred R downstroke’ in leads III, aVF and V^. Left anterior fasci- 
cular block (always with left-axis deviation): Often ‘slurred R 
downstroke’ in leads I and aVL. Notching in the limb leads may 
also be seen in old myocardial infarction, with or without patho- 
logic Q waves. 

A pseudo-notching may also be present in the transition zone 
of the precordial leads, mostly in only one lead, and predomi- 
nantly in V3 (EGG 3.16a and 3.16b). Again, this is due to projec- 
tion. The QRS complex cannot decide whether it should be 
negative or positive. EGG 3.16c shows notching in leads and 
III. 

Differential diagnosis: In cases of notching in three or more pre- 
cordial leads, an intraventricular conduction disturbance is proba- 
ble, often due to an infarction scar (Chapter 13 Myocardial 
Infarction). 

b. Pseudo-Delta Wave 

Projections may also be associated with a positive pseudo-delta 
wave in leads III, aVF (II) and in leads and/or (ECGs 3.17a 
and 3.17b). Occurrence of a pseudo-delta wave in V^/V^ can be 
explained: the septal vector is (as normal) positive in these 
leads, but there is also a positive projection of the following 
20-30 msec of the QRS complex, on leads and V^. This pat- 
tern is often misinterpreted as (‘abortive’) pre-excitation. 
However, the PQ interval is normal. In highly doubtful cases, it 
is advisable to repeat the ECG or to perform a test with ajma- 
line. In pseudo-pre-excitation the delta wave persists, in true 
pre-excitation it should disappear. 

c. QRS Low Voltage 

A QRS voltage of less than 5 mm (0.5 mV) in up to three of the 
six frontal leads is not a rare finding. True peripheral low volt- 
age is present if the QRS complex is smaller than 5 mm in five 
out of six or all six limb leads (ECG 3.18), a rare finding in nor- 
mal individuals. 



Differential diagnosis: True peripheral low voltage in pathologic 
conditions is found in lung emphysema, obese people, and rarely in 
patients with extensive pericardial effusion. Peripheral low voltage 
has little clinical importance. The same is valuable for the very rare 
horizontal low voltage defined as QRS voltage smaller than 7 mm 
in all precordial leads. A significant decrease of QRS voltage has 
been described after therapy with (overdosed) adrioblastine. 

d. Incomplete Right Bundle-Branch Block (iRBBB) 

An iRBBB (rSr’ in lead V^) is a frequent finding in healthy peo- 
ple, especially in young people. This pattern may lead to a 
notching or rSr’ complex in lead III also. If r > r’ (ECG 3.19a) a 
normal variant is probable. A notched S upstroke in often 
corresponds to iRBBB. In this case, there is a terminal R wave 
in lead aVR, as in common patterns of iRBBB. In addition, the 
QRS configuration with r < r’ (ECG 3.19b) represents a normal 
variant in many cases. However, we have to exclude diseases of 
the right ventricle. 

Differential diagnosis: iRBBB with r’ > r is encountered in right 
ventricular systolic overload (as in pulmonary embolism and any 
disease with pulmonary hypertension, and/or right ventricular 
hypertrophy), in RV diastolic overload (as in atrial septal defect) or 
may represent a precursor of complete RBBB. iRBBB with r > r’ is a 
rarer finding in these pathologic conditions. A new onset iRBBB 
may be a sign of acute right ventricular overload, or it can appear 
after different placing of lead - in which case it may be harm- 
less. 



1.4 ST Segment 

For some physicians, an ST elevation of > 2 mm in any ECG 
lead automatically means acute ischemia. This opinion needs 
to be revised: there is one very common normal ECG pattern 
with ST elevation, and one very rare normal variant. 

1 .4.1 Common Rattem of ST elevation: ST eleva- 
tion in V 2 /V 3 

In about 70% of normal ECGs the so-called junction (J) point 
(the point that defines the end of the QRS complex and the 
beginning of the ST segment) is 0.5-1.5 mm above the isoelec- 
tric line in lead and often V^, and consequently there is ele- 
vation of the ST segment (measured at rest 0.08 sec after the 
J point). Especially in sinus bradycardia the J point, and thus 
the ST segment, may be elevated up to 2-3 mm (ECG 3.20a), 
and rarely up to 4 mm. Vagal stimulation enhances the discor- 
dance of repolarization in the anteroseptal leads, and this phe- 
nomenon is magnified by the ‘proximity effect’. The latter 
effect explains also the relative high amplitude of the S and 
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T waves in leads and V^. This common pattern of repolar- 
ization should not be misinterpreted as acute ischemia. 

Short Story/Case Report 2 

A 38-year-old man with acute pain on the left side of the tho- 
rax was seen at the emergency station* He mentioned sub- 
febrile body temperatures over the previous few days. The 
only risk factor for coronary heart disease (CHD) was that 
one of his uncles had a myocardial infarction at the age of 
>0 years. Blood pressure was 150/90 mmHg* The ECG 
showed sinus bradycardia with ST elevation of 2 mm in leads 
and (ECG 3.20b). Creatine kinase (CK) was slightly 
elevated (by 20%), and myocardial fraction of CK and tro- 
ponin were normal There was leukocytosis of iixio>^9/l. 
The diagnosis of acute anterior infarction was made and 
thrombolysis performed. The ECG remained unchanged. 
The pain disappeared after the first dose of morphine and 
blood pressure normalized* One day later the diagnosis was 
revised and an infectious disease of unclear origin with pain 
of chest skeletal muscle presumed. The patient insisted on a 
coronary angiography* The coronary arteries were normal. A 
day later the patient was dismissed without symptoms and 
with aspirin 500 mg for 7 days* On the basis of positive titers 
of coxsackievirus, the final diagnosis of coxsackievirus 
infection (Bornholm disease) was made. In conclusion, the 
chest pain was atypical and the ECG was normal. The slight- 
ly elevated CK was overestimated. It would have been better 
to observe the patient for some hours and to control the ECG 
and the enzymes* 

1 A2 Rare Pattern of ST Elevation: Early 
Repolarization 

‘Early repolarization’ is characterized by a marked, constant 
elevation of the J point and the ST segment of 2-4 mm, emerg- 
ing directly from the R wave downstroke, in the anterior pre- 
cordial leads (accentuated more sep tally or more laterally) 
and/or the inferior leads III and aVR It occurs more frequently 
in males than in females, but no less in white than black people 
[7]. The pattern is very similar - even the same - as that of 
acute infarction or Prinzmetal angina. In these conditions the 
ST elevation varies within a short time and is mostly associat- 
ed with chest pain. The correct diagnosis is based on anamnes- 
tic and clinical findings. 

The ECGs presented in ECGs 3.2ia-3.2id show examples of 
early repolarization in normal individuals, with an ST eleva- 
tion of 2-3 mm in some leads. 



Differential diagnosis: The most important differential diagnosis 
of ST elevation, arising from the R wave, is acute myocardial infarc- 
tion and, rarely, vasospastic angina. Hypercalcemia may provoke a 
slight ST elevation of this type. ST elevations, generally arising 
from the S wave, are seen in acute pericarditis and as a mirror 
image of ‘systolic left ventricular overload’. 

If slight elevations of the ST segment in otherwise normal 
ECGs are included, early repolarization is not that rare. For dif- 
ferentiation between early repolarization and acute pericardi- 
tis see the paper by Spodick [8]. 

In some cases, an Osborn wave - a very short and small pos- 
itive deflection within the ST segment (ECG 3.20a) - is seen in 
addition to the ST elevation [9]. In rare normal ECGs, without 
early repolarization, a minimal Osborn wave may be present in 
the inferior leads or in V^/V^ (ECG 3.22). 

Differential diagnosis: An Osborn wave is regularly seen in 
hypothermia (ECGs 3.23a-3.23d) and sometimes in cases of acute 
pericarditis. For details, see Chapter 17 Special Waves And 
Phenomena. 

15 T Wave and U Wave 

U.l TWave 

Besides the QRS complex (great variability of the axis in the 
frontal leads), the T wave is the most variable component of the 
ECG. There are some rules about normal T waves, however. 

A normal T wave is asymmetric, with a slow upstroke and a 
more rapid downstroke. 

In respect to polarity, T is positive in most leads and nega- 
tive in some leads. In the frontal leads the T wave is positive in 
I and often positive in aVL, II, aVF, and III. The T wave is often 
negative in lead III (and aVF, occasionally also in II), inde- 
pendent of the frontal QRS axis (ECGs 3.24a and 3.24b). In a 
QRS axis of 0° or less, the T wave may be negative also in aVL, 
but never in lead I. 

In the horizontal leads the T wave is negative or positive (or 
isoelectric) in and positive in to V5. In rare cases there is 
a negative T wave in (and V^), especially in young women 
(up to the age of 30 years). A negative T wave in any of the other 
precordial leads is very rare and should be interpreted as a nor- 
mal variant only after exclusion of any pathology. 

Differential diagnosis: T wave alterations alone, not with QRS 
abnormalities, have to be considered as unspecific. The reasons for 
pathologic T waves are manifold, but some general rules apply: 

1. Coronary heart disease (CHD) is the most common origin of 

symmetric and negative T waves, so-called ‘coronary’ T waves 
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(EGG 3.24c). However, this type of T wave occurs in other con- 
ditions too, such as pericarditis, or severe anemia. 

2. Asymmetric, negative T waves are generally associated with 
ventricular overload. In left ventricular overload we find dis- 
cordant negative T waves in I, aVL, V5 and (EGG 3.24d). It 
must be mentioned that often the distinction between left ven- 
tricular overload and coronary origin is impossible based on 
the morphology of the T wave. Furthermore, the combination 
of these two conditions is not rare. In right ventricular overload 
the T waves may be negative (concordant) in and V^. T neg- 
ativity in Vj to is also found in cases of ‘arrhythmogenic 
right ventricular dysplasia’ and in funnel chest. 



Tall, positive and even symmetric T waves may be seen in the 
precordial leads, especially in and (and V^), often in 
younger people and associated with sinus bradycardia 
(EGGs 3.20a and 3.20b). 

Differential diagnosis: Hyperkalemia. Very rare transitory sign of 
peracute ischemia. 

15.2 UWave 
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Slightly shortened or slightly prolonged QT intervals are some- 
times encountered in normal hearts. The QTc should not 
exceed 0.46 sec, however. 

Differential diagnosis: A substantially prolonged QT interval is 
called long QT syndrome. The acquired type is more frequent and 
is generally due to drugs, to antiarrhythmic drugs of Glass la or 
Glass III (Vaughan- Williams), and due to ischemia. The congenital 
long QT syndrome (Romano-Ward syndrome, Jervell-Lange- 
Nielsen syndrome) is a rare condition. A pronounced prolongation 
of QT or QTU tends to a special form of fast polymorphic ventric- 
ular tachycardia, called torsade de pointes (for details see 
Ghapter 26 Ventricular Tachycardias). 

Some electrolyte disturbances influence the QT interval in a 
typical manner: A prolonged QT is also seen in hypocalcemia (in 
this case without disposition to torsade de pointes). A TU fusion is 
typical for hypokalemia, with possible consecutive torsade de 
pointes. A markedly shortened QT is very rare and is generally 
associated with hypercalcemia (Ghapter 16 Electrolyte Imbalance). 



The U wave is a positive flat deflection after the T wave, visible 
best in leads V^ and V^. It is thought that the U wave represents 
the repolarization of the Purkinje fibers. The absence of the 
U wave is not rare and has no clinical significance. 

Differential diagnosis: on one hand, negative U waves have been 
found (e.g. in acute ischemia or severe aortic valve incompetence) 
and even alternating U waves have been described. On the other 
hand, two conditions, not compromising the U wave alone, should 
be mentioned: 

i. The fusion of the T wave with the U wave, leading to a TU wave, 
is typical for hypokalemia. 

ii. In the ‘long QT syndromes’ (see following section QT Interval) 
there is often a fusion of the T wave and the U wave. In fact, in 
many cases with this syndrome we do not know what we are 
measuring, whether it is the QT interval or the QTU interval. 

1.6 QT Interval 

The QT interval is measured from the beginning of the 
QRS complex to the end of the T wave, generally in lead II, 
where the end of the T wave is sharply determined in most 
EGGs. The QT time is rate dependent. The lower the rate, the 
longer the QT is, and the higher the rate, the shorter the QT. 
The time-corrected QT interval is called QTc. Today most EGG 
machines measure the QT interval automatically, the time-cor- 
rected QT (QTc) included. The QT interval and the QTc may 
also be calculated ‘by hand’, using the Bazett formula: 



1.7 Arrhythmias 

It is quite difficult to classify certain arrhythmias into those 
that are normal variants, and those that are pathologic find- 
ings. We know, for example, that episodes of ventricular tachy- 
cardia (VT) [10] or a slow ventricular escape rhythm may be 
found in apparently healthy individuals, especially in athletes. 
However, a VT or a ventricular rhythm of 30/min would not be 
classified as a normal finding. Both examples represent com- 
mon and clinically important and often dangerous arrhyth- 
mias, that may rarely arise in healthy individuals under special 
conditions, and in these cases they are (probably) harmless. 

However, there are a substantial number of arrhythmias 
that occur so frequently in individuals without heart disease 
that they may represent normal variants. Three conditions 
must normally be fulfilled: 

i. Absence of any heart disease. 

ii. Exclusion of many arrhythmias, not representing normal 
variants (Table 3.2). 

iii. A ‘normal-variant arrhythmia’ should occur only rarely and 
should not be associated with very low or very high rates. 
However, a healthy individual may feel a normal-variant 
arrhythmia. 

Table 3.3 reveals the arrhythmias that often represent normal 
variants. The number of normal supraventricular PBs, espe- 
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OveraH View 




Table a.2 



Table 3.3 



Complete AV block 

AV block 2°, type Mobitz and type 'high degree' 

Sinoatrial {SA] block 2"" and 3” 

Ventricular pauses of > 2 sec 

Monomorphic ventricular tachycardia (VT: > three ventricular beats) 
Polymorphic VT {torsade de pointes; other forms) 

Ventricular triplets (three consecutive ventricular premature beats {VPBs)), 

multiple couplets 

Multiple ventricular 'couplets' 

Single vervtricularVPBs if: 

a. >200/24 h? 

b. polymorphic 

c. with true R-on-T phenomenon (ventricular PB before 90% of the 
preceding T wave: potential 'vulnerable period') 

Most forms of atrial tachycardias (e.g. atrial flutter, atrial fibrillation, 
re-entrant atrioventricular (AV) tachycardias, re-entry tachycardias in the 
Wolff-Parkinson- White syrtdrome) 

Supraventricular PBs in salvos (> 3 beats) and at a high rate [> 160/min) 
Rare arrhythmias (e.g. parasystoly, accelerated idioventricular rhythm, 

AV dissodation with interference) 

Ventricular fibril iation (of course) 



cially of normal ventricular PBs, is as arbitrary as it is ques- 
tionable. 

As mentioned above, there is no strict dividing line between 
pathologic arrhythmias and normal- variant arrhythmias, and 
there is no consent in the literature. The classification in 
Table 3.3 is based on 40 years of personal experience and on 
many discussions with other specialists in cardiology and 
rhythmology. 

Principally, an arrhythmia should always be interpreted in 
the context of other clinical findings, considering also age and 
special conditions of a patient, including exercise capacity, psy- 
chological factors and drug abuse (ethyl, nicotine, medical 
drugs). Generally, ‘normal-variant arrhythmias’ should not be 
treated with antiarrhythmic drugs. 



Sinus bradycardia: minimal rate about 45/min; minimal instantaneous rate 

during sleep about 35/mi n 

Sinus tachycardia: maximaf rate about 1 1 0/min 

Sinus arrhythmia 

Isolated ventricular pauses: < 2 sec during steep 

Isolated AV-junctional (AV-nodal) escape beats [during sinus arrhythmia or 

after a premature beat) 

Short episodes of AV-nodal rhythm (with retrograde atrial activation) 

Short episodes (c 10 beats?) of'AV dissociation' (with accrochage, 
with synchronization] 

Short episodes of accelerated idionodal rhythm 
Episodes of normocardic ectopic atrial rhythm 
(e g. so-called 'coronary sinus rhythm') 

Supraventricuiar premature beats (PBs) (in most cases atrial PBs], if: 

a) isolated [< 200/mi n?) 

b) < 5 salvos (or < 20?) of maximal three beats 

c) Instantaneous rate (beat-to-beat interval) < 160/min 

d) isolated earfy atrial PBs with functional complete AV block 
Ventricular PBs (VPBs),if: 

a) isolated (< 200/24 h?) 

b] monomorphic 

c) isolated 'couplets' [ <20/24 h?), instantaneous rate < 160/min 

d] isolated VPBs with 'pseudo-R-on4 phenomenon' (VPB after 90% of the 
preceding QT interval: 'supernormal period') 



1 .8 Day-to-Oay and Circadian Variation 

Day-to-day variation concerns the amplitude and axis of the 
QRS complex and variations of the T wave in particular. 
Willems et al [11] studied 20 healthy volunteers (7 women and 
13 men aged 22-58 years; a total of 290 tracings) with the Frank 
leads EGG and vectorcardiogram. Several cases had marked 
changes of the frontal QRS axis, also with disappearance and 
reappearance of (small) Q waves. In one individual the anteri- 
or QRS forces in the transversal and sagittal planes disap- 
peared. The authors believe that such extreme changes occur- 
ring in normal subjects may he unusual, but should serve as a 
warning for too enthusiastic diagnostic and therapeutic inter- 
ventions. T wave changes were fairly common. Some variations 
could also be observed in tracings, recorded immediately one 
after the other (‘circadian variation’). 

We have observed a young healthy individual with unex- 
plainable T negativity in leads to V^. Serial ECGs (two taken 
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during the night) revealed that T negativity was only present 
between ii a.m. and about 6 p.m. 

General Conclusion 

As mentioned at the beginning of this chapter, every ‘unusual’ 
ECG pattern should be interpreted in the context of the condi- 
tions of the person being investigated, including age, anamne- 
sis, and other clinical findings and quality of symptoms. 
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OveraH View 





ECG3.1 

Sinus rhythm (81/min). 
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ECG3J 

Sinus bradycardia, 49/min. 
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ECG3.4 

Sinus tachycardia, 122/min. 




ECG3.5 

Sinus arrhythmia (minimal rate 42/min, maximal rate 67/min). 
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EC6 3J 



Ventricular pacemaker rhythm at a rate of 85/min.The U waves 
were misdiagnosed as p waves. Pacing at 44/min reveals fine f (fib- 
rillation) waves. 



EC63J 

False poling of the upper limb leads. 
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ECG3J 

Short PQ interval, normal ECG, no 
episodes of tachycardia. 




ECGs 

Different AQRSp. 

a. ISy.AQRSp + SO". 

b. 25y. AQRSp + 75°. 

c. 40y. AQRSp + 30°. 

d. 54y. AQRSp + 20°. 
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e 



Eres3.9c-3Jg 

Different AQRSp. 

e. eOy.AQRSpO^ 

f. 73y.AQRSp-20“. 

g. 25y. AQRSp not determinable. The positive and 
negative components of the QRS complex have 
almost the same amplitude in the individual limb 
leads. This frontal QRS axis is called sagittal axis. 




ECG3.1D 

S|/S||/S|||-type. 
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ECG3.U 

Counterclockwise rotation. 



EC6 3,13a 

'Qiii- 



ECG 1.1311 
'Qlll- 



34 








ECG3*14 

QS in lead and V2, minimal 
R wave in V3. 




a a 



ECGB.ISa 

Pseudo-notching in inferior leads 
(plus sagittal AQRSp). 




b b 



ECGI.ISb 

Pseudo-notching in leads lll/aVF (as 
frequently seen in innocent incom- 
plete right bundle-branch block, that 
is not present in this case). 
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ECG 3.16a 

Pseudo-notching in transition zone, lead V3. 



ECG3.16II 

Pseudo-notching in transition zone, 
lead V3. 



ECG 3.16c 

Pseudo-notching in transition zone, 
lead V,o/)(/ ill. 
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ECG3.13 

Peripheral QRS low voltage. 
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ECG 3.19a 

Incomplete right bundle- 
branch block with r > r' in V^. It 
is better to consider the prod- 
uct of amplitude x duration of 
the r and r'than the amplitude 
alone. 



ECG 11913 

Incomplete RBBB with r < r' in . 
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ECG 3.20a 

ST elevation in V2/V3 (and 
with relatively high and peaked 
T waves in V2 to Vg. 




b 



ECG 3.20b 

38 y/m Short Story/Case Report 2. 
ST elevation in V2/V3 (V4). 
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ECG 3.21a 

28y/m. Early repolarization. The ST elevation (up to 4 mm) 
arises from the R wave in V 3 to V 4 . Note the 'Osborn waves' in 
V 3 to Vg. Normal coronary arteries. 




ECG 3.21b 

31y/m. Early repolarization. ST elevation in (V^) 
V 2 to V 4 , with high, peaked and symmetroid 
T waves. Normal heart. 
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ECG 3,21c 

45y/m. Early repolarization. ST elevation 
> 2 mm in V3, arising from the notched 
R wave. High T waves. Normal heart. 




ECG3,21d 

Early repolarization. ST elevation of 
2 mm, arising of the R waves in V3 
toV4(Vs/V6). 



VI-: 




W- 





m 




Y5 




ECG3.22 

Small Osborn wave, without ST ele- 
vation, in leads V4 to (arrow). 
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abed 



ECGsi.23a-3.23d 

ECG monitor lead: Osborn wave in a 53-year-old patient during open heart sur- 
gery. The Osborn wave and ST depression gradually diminishes during increas- 
ing body temperature. 

a. Temperature 30 ‘’C. 

b. Temperature 31 

c. Temperature 32 ‘'C. 

d. Temperature 33.5 




ECG 3,24a 

Normal asymmetric (discordant) nega- 
tive T wave in lead III (AQRSp + 75 °) 
due to vectorial projection. 
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b 



ECG 3.24b 

Normal asymmetric (concordant) neg- 
ative T wave in lead III, (AQRSp -i- 30 ‘’) 
due to vectorial projection. Note also 
the Q wave in III (and aVF) in a normal 
heart. 




ECG 3.24c 

Symmetrical discordant nega- 
tive T waves in II, aVF, III and V3 
to Vg with minimal ST depres- 
sion in V4/V5. Those T waves are 
often caused by ischemia. This 
was the case in the 52 year old 
patient with coronary heart 
disease. 




d 



ECG 3.24d 

Asymmetric (discordant) negative 
T waves in leads I, II (aVF, aVL) and V4 
to V5, in some leads with significant 
ST depression. Those T waves are gen- 
erally due to left ventricular overload 
and/or left ventricular hypertrophy 
(as in this case). 
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Chapter 4 

Atrial Enlargement and Other Abnormalities of the p Wave 



At a Glance 



Pathologic p waves in sinus rhythm are not as important as 
QRS alterations. However, abnormal p waves may give some 
hint of hemodynamic abnormalities, especially if they are 
associated with pathologic QRS complexes. 

ECG 

The classical p mitrale, p pulmonale and p biatriale are due to 
chronic overload of the left atrium, the right atrium, or both, 
with consecutive hypertrophy and dilatation (>>> enlarge- 
ment) of the respective atria. 

In general left atrial enlargement is used as a synonym for 
p mitrale and right atrial enlargement as a synonym for p pul- 
monale. 

1 Left Atrial Enlargement (p Mitrale) 

The longer lasting activation of the hypertrophic left atrium 
provokes prolongation (> o.iio msec) and sometimes bifidity 
of the p wave, especially in leads I or II and V^, with an inter- 
peak distance of > 40 msec. The second and negative portion of 
the p wave in lead (and often V^) is accentuated (ECGs 4.1-4.3). 

Some decades ago classical ‘p mitrale’ (often with clear 
bifidity) was commonly encountered in patients with mitral 
stenosis. For the decrease of rheumatic fever in many countries, 
the ECG pattern of left atrial enlargement (often with less clear 
bifidity) is more often found in severe mitral valve incompe- 
tence of any etiology, in aortic valve disease, and in hyperten- 
sive and other heart diseases with chronic left atrial overload. 
In recent publications, the ECG pattern of left atrial enlarge- 
ment (p duration; the extent of terminal p negativity in 
(PTFVj) see section 7) was compared with left atrial dimen- 
sion, in mitral and aortic valve disease. The specificity of the 
ECG pattern was high (about 90%), whereas the sensitivity was 



modest (30%-6o%). A bifid p wave was a rare finding and in 
patients with left atrial diameter > 60 mm, atrial fibrillation 
was present in about 70%. 

In the elderly, to a certain degree, p prolongation may be 
due to intra-atrial conduction block and is not necessarily 
associated with left atrial enlargement. However, major left 
atrial enlargement generally predisposes to atrial fibrillation, 
thrombosis in the left atrium, and consecutive cerebral strokes. 

2 Right Atrial Enlargement 
(p Pulmonale) 

As the activation of the right atrium begins earlier than that of 
the left atrium, an increase of the RA vector does not prolong 
the p duration. P pulmonale is characterized by tall and some- 
times pointed p waves in leads II, aVF and III (ECG 4.4). The 
amplitude of the p waves is > 2.5 mm in at least one of these 
leads. In the ‘opposite’ lead aVL, the p wave is completely nega- 
tive. The p wave may be higher than normal and pointed in 
leads Vj/V^ rarely in the other precordial leads (ECG 4.4). 

Classical ‘p pulmonale’ (p > 2.5 mm in lead II) is rare and 
found in patients with lung diseases, especially in chronic 
obstructive pulmonary disease (COPD). A p wave amplitude of 
2.0 to 2.5 mm in lead II is quite frequent and may represent 
right atrial enlargement of minor degree, or, more often, a nor- 
mal variant especially in young asthenic individuals, and in 
elevated sympathetic tone (with sinus tachycardia). 

3 Biatrial Enlargement (p Biatriale) 

Biatrial enlargement is very rare and combines the criteria of 
left and right atrial hypertrophy (ECG 4.5); p biatriale may be 
seen in combined severe diseases of heart and lung, and in 
cases with a complex congenital heart disease. 
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At a Glance 




4 Acute Left Atrial Overioad 

Although the borderline between left atrial overload without 
and with hypertrophy is not clearly established, it is reasonable 
to define the p pattern of left atrial overload without hypertro- 
phy. Acute left atrial overload (or chronic overload without 
hypertrophy) is characterized by a normal p duration, com- 
bined with accentuated p negativity in lead (the negative 
component of the p wave being greater than the positive one). 
This pattern is common in many diseases leading to left atrial 
overload, such as hypertension, and moderate degrees of aor- 
tic and mitral valve diseases. It is often present during the acute 
stage of myocardial infarction (ECG 4.6) and generally regress- 
es over days that follow. The pattern may also be due to the 



The Full Picture 



7 Etiology, Prevalence and Clinical 
Significance of Left Atrial 
Enlargement 

Hazen et al [1] studied 411 patients (mean age 63 years) with 
acquired valve disease and left atrial enlargement, determined 
by echo. The correlation between p duration, especially the 
extent of terminal p negativity in Vp termed PTFVj (the aver- 
age area subtended by the terminal negative portion of bipha- 
sic p in V^, measured in msec x mm), and left atrial diameter 
showed a specificity of about 90% and a sensitivity of 30% (to 
60%). The same results were obtained in the bifid p wave with 
an interspike distance of > 40 msec. Moreover, in patients with 
left atrial diameters of > 60 mm, atrial fibrillation was present 
in 70%. 

Fragola et al [2] published similar results in 1000 unselect- 
ed consecutive patients (mean age 46 years) controlled by 
echo. (Definition of left atrial enlargement: left atrial dimen- 
sion above the upper limit of the normal 95% predicted inter- 
val calculated as a function of age and body surface area.) They 
showed/used the following FCG criteria: 

i. P wave duration > no msec 

ii. P terminal force in lead equal to or more negative than 
- 0.04 mm/sec 



incorrect placement of lead (and V^) by one intercostal 
space too high. 

5 Acute Right Atrial Overioad 

Acute right atrial overload (e.g. in acute pulmonary embolism) 
leads to only minor (or no) alterations of the p wave, in most 
cases. A peaked p wave in lead or may be the only hint of 
it. Classical ‘p pulmonale’ in this condition is very rare. 

6 Other Abnormalities of the p Wave 

An abnormal p wave due to rhythm disturbances is of great inter- 
est. The conditions are discussed in Chapters 18, 19, 23 and 24. 



iii. P wave notching in a limb lead with a peak-to-peak interval 
> 40 msec. The specificity was > 97%, the sensitivity only 
18%. For more details see the review article by Alpert and 
Munuswamy [3]. 

In older people, p prolongation (generally associated with flat 
p waves) may be due to interatrial block without left atrial 
enlargement (FCG 4.7). Recently, Spodick et al [4] emphasized 
the possible mechanical consequences. In fact, classic p mitrale 
(with a bifid p wave) is rarer today than it was decades ago 
because rheumatic fever has nearly been eliminated in coun- 
tries with high levels of hygiene and medical care (probably 
related to the chronic ‘intoxication’ of meat stock with antibi- 
otics, which (splendidly) induces general antibiotic prophylax- 
is in the population). Consequently, the incidence of mitral 
stenosis has declined. Nowadays, the FCG pattern of left atrial 
enlargement (not always with a bifid p) is found in severe dis- 
ease of the mitral and aortic valves, of any etiology, and in 
hypertensive and chronic coronary heart disease. Congenital 
mitral stenosis is very rare. Alva et al [5] found only 16 cases 
during a 10-year period. 
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8 Etiology, Prevalence and Clinical 
Significance of Right Atrial 
Enlargement 

Classical p pulmonale has become more rare, probably because 
of better therapy of the disease that is essentially responsible - 
chronic obstructive pulmonary disease. Often we find a rela- 
tively tall p wave of 2-2.5 nim in lead II in patients with lung 
diseases, as well as in normal individuals with sinus tachycar- 
dia. 

Kaplan et al [6] studied 100 patients with right atrial 
enlargement, documented by echo, all associated with right 
ventricular enlargement (mild in 39%, moderate in 44% and 
severe in 17%). The patients had tricuspid regurgitation in 
30%, pulmonary hypertension in 28%, cardiomyopathy in 14%, 
mitral valve disease in 11%, atrial septal defect in 9% and other 
diseases in 8%. Only 52 patients were in sinus rhythm; the oth- 
ers showed atrial arrhythmias, especially atrial fibrillation - in 
41%! This high incidence indicates a substantial number of 
patients with associated left atrial enlargement, because in iso- 
lated right atrial enlargement - if not excessive - atrial fibrilla- 
tion is relatively rare. Twenty-five patients with normal dimen- 
sions of the right atrium were the control group, ‘p pulmonale’ 
(p > 2.5 mm in lead II) was identified in only 8% of the patients 
with right atrial enlargement. Out of 10 criteria studied, the fol- 
lowing three proved to be the best (100% specificity pre- 
served): 

i. AQRSp > 90° 

ii. P wave height > 1.5 mm in lead 

iii. R/S ratio > 1 in lead (without RBBB). 

The sensitivity was 24%-34%. As right atrial enlargement is 
generally combined with right ventricular enlargement in 
almost all cases, two of the three best criteria are based on 
alterations of the QRS complex. Also a qR pattern in has 
been described as highly specific for right atrial enlargement 
[6, 7, 8], often combined with dilatation of the right ventricle 
(Chapter 14 Differential Diagnosis of Pathologic Q Waves). 

ECG Special 

9 Vectors in Left Atrial Enlargement 

In sinus rhythm without atrial hypertrophy, activation of the 
right atrium begins earlier than that of the left (the sinus node 
is in the upper part of the right atrium). The normal right atri- 



al p vector points to about -t- 60° in the frontal plane and ante- 
riorly, the normal LA vector points to about + 30° in the limb 
leads, and posteriorly. In left atrial enlargement the RA vector 
is normal, whereas the hypertrophic left atrium produces a LA 
vector that is longer in duration and points more to the left 
(about 0°) and posteriorly. The consecutive p pattern is a pro- 
longed p wave (> 0.11 sec, generally 0.12-0.14 sec), occasional- 
ly with a bifid form, best detectable in lead I or II and 
(ECGs 4.1-4.3). The first short ‘hump’ corresponds to the nor- 
mal right p vector, and the second prolonged ‘hump’ to the pro- 
longed LA vector. In addition, the negative second part of the 
p wave in Vj (and often also in V^) is prolonged and accentuated. 

10 Vectors in Right Atrial Enlargement 

In right atrial enlargement Cp pulmonale') the RA vector is 
prolonged with an orientation more inferiorly (to -i- yo°) and 
slightly more anteriorly. However, as right atrial activation 
occurs before left atrial activation, the prolonged RA vector 
never exceeds the end of the (normal) LA vector. Thus the 
whole p wave is not prolonged and the two components of the 
p wave (of right and left atrial origin) are completely fused. In 
the ECG we find normal broad and tall p waves in leads II, aVF 
and III. The amplitude of the p wave is > 2.5 mm in these leads, 
with p negativity in lead aVL (ECG 4.4). 

1 1 Special Alterations of the p Wave 
1 1 .1 So-called 'p Pulmonale Vasculare' 

Severe pulmonary arterial hypertension (without emphysema) 
in chronic pulmonary embolism or in primary pulmonary 
hypertension leads to a p pattern different from that of classi- 
cal p pulmonale. The p vector is less vertical, the highest p wave 
is present in lead II and sometimes more prominent in lead I 
than in lead III. In leads V^/V^ the p wave is generally some- 
what peaky (ECG 4.8). 

This p alteration has been called ‘p pulmonale vasculare’, in 
contrast to the classical p pulmonale (also called p pulmonale 
parenchymale). 

The difference between the two p wave configurations in 
two different diseases - even with the same hemodynamic con- 
sequences - is unclear. 

The pulmonary emphysema associated with COPD, that 
provokes a more vertical axis of the heart (and the right atri- 
um), may be responsible for the more vertical p axis in p pul- 
monale parenchymale. 
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^^2 p Pseudo- Pulmonale 

In rare cases, left atrial overload produces an increased p vec- 
tor not only directed posteriorly, but also more inferiorly than 
to the left. In lead Vj there is increased amplitude of the termi- 
nal negative portion of the p wave, whereas in leads II and aVF 
(and III) a tall p wave is observed. The first small hump of the 
slightly notched p wave corresponds to the first part of normal 
right atrial activation, while the second greater hump corre- 
sponds to the activation of the enlarged left atrium (EGG 4.9). 
This pattern is often misdiagnosed. 

113 Imitation of p Pulmonale 

Severe hyperkalemia often diminishes or even eliminates the 
p wave in the presence of sinus rhythm. On the contrary, in 
exceptional cases hypokalemia may enhance the p amplitude in 
the inferior leads, imitating p pulmonale. Also enhanced sym- 
pathetic tone and asthenic habitus may lead to p pulmonale- 
like patterns. 

Blatriale/ Biatrial Enlargement 

This is a very rare pattern, although it should be expected more 
frequently. The reason for this is the partial canceling of the 
middle and late portion of the enhanced RA vector by the 
enhanced LA vector, thus masking the p pulmonale. 

113 Other Uncommon p Configurations 
in Sinus Rhythm 

1 13.1 Negative p Wave in Lead I 

A negative p wave in lead I combined with an ‘inverse’ QRS 
complex in this lead is typical for false poling in 99.9%, and for 
situs inversus in 0.1% (Chapter 32 Rare ECGs). In nonsinusal 
rhythm, a negative p wave in lead I is found in left atrial rhythm 
and also in some cases of ectopic right atrial rhythm 
(Chapter 19 Atrial Tachycardia). 

115*2 Ebstein% Anomaly 

In Ebstein’s anomaly an extreme right atrial hypertrophy occa- 
sionally leads to extremely high and peaky p waves in the infe- 
rior leads, together with QRS and T abnormalities. 



1153 Atrial Infarction 

In extremely rare cases, atrial infarction may provoke defor- 
mation of the p waves combined with changing alterations of 
atrial repolarization in serial ECGs (Chapter 13 Myocardial 
Infarction). 

1 15.4 Tricuspid Atresia 

Tricuspid atresia is an exotic rarity. From the book by 
Zimmerman et al [9] we have learned that in tricuspid atresia 
(an extreme presupposition for right atrial hypertrophy) the 
p wave may exceptionally be negative in lead V^. 
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ECG4.1 

56 y/f. Severe mitral stenosis. 
Pmitrale/LA enlargement: PQ 
duration 120 msec, bifidity of 
p waves in limb leads, V5 (V2 
to V5). Accentuated and pro- 
longed negative terminal 
portion of p in lead V^. Echo: 
LA diameter 65 mm. 




ECG4.2 

79 y/m. Old 'non-Q wave' lateral 
infarction and left heart failure. P 
mitrale/LA enlargement: p duration 
150 msec, p bifidity in II, aVF and V4 
to V5. Accentuated terminal p nega- 
tivity in to V3. 




ECG43 

34 y/m. Hypertensive car- 
diomyopathy. P mitrale/LA 
enlargement: PQ duration 
1 20 msec, p bifidity in aVL, 
V3 to V5. Accentuated ter- 
minal p negativity in V^/V2. 
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ECG4.4 

54 y/m. COPD, P pulmonale/ 
RA enlargement: prominent 
and peaked p waves in II 
(3 mm), aVF and III. Peaked 
p waves also in V2/V3 and 
atypically prominent in V4 to 
Vg. Note the unusual TQ 
depression' (as in early acute 
pericarditis) due to the 
enhanced opposite atrial 
repolarization vector ('Ta'). 



ECG 4.S 

58 y/m. CHD with old inferior and 
posterior Ml, COPD. P biatriale/ 
biatrial enlargement: i) peaky 
and high p waves in inferior 
leads, p ^ 2.5 mm in II; ii) p dura- 
tion 120 msec, accentuated ter- 
minal p negativity in V^.The QS 
(or rSr?) configuration in the 
inferior leads and the broad/tall 
R waves in V2 are due to infarc- 
tion. 



ECG 4,6 

70 y/f. Two-day-old anteroseptal 
IA\, Acute left atrial overload: p 
duration 100-110 msec. Slightly 
accentuated terminal p negativity 
in lead V<|, with normalization 
after two days (QS complexes and 
ST elevation in to V3 due to Ml). 
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ECG4J 

82 y/f. Psoriasis, mild hypertension. Interatrial block: extreme prolongation 
of the p duration (200 msec), with p bifidity in leads I, II, aVR and V 2 to V 5 
(interspike distance 140 msec). AV block V, Formally pathologic Q wave in 
lead III. Signs of LV strain in the lateral leads. Echo: mild LV hypertrophy (LV 
mass 110 g/m^), normal LV ejection fraction without regional hypokinesia. 
LA dimension 40 mm. 



ECG 4J 

48 y/f. So-called p pulmonale 
vasculare: primary pulmonary 
hypertension. Giant p wave in 
lead II. Note that the p wave in 
lead I is higher than in lead III 
and that the p wave in aVL is 
flat positive. Peaked p waves in 
lead up to V 5 . Surprisingly 
AQRSp is + 20 ° and signs of RV 
hypertrophy are lacking. 
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ECQ4.9 

40 y/m. Hypertrophic and dilating LV cardiomyopathy 
with left heart failure. P pseudo-pulmonale: at a first 
glance classical p pulmonale in the limb leads, with a p 
of 4.5 mm in lead II. However, there is a slight notch 
40 msec after the onset of the p wave, marking RA 
depolarization. The following 80 msec of the p wave are 
provoked by the LA vector, pointing abnormally down- 
wards (and as usual posteriorly, see V^/V 2 ); p duration 
120 msec. Echo: dilated and hypertrophic LV; LV ejection 
fraction 30%. Normal dimension of RA and RV. 
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Chapter 5 

Left Ventricular Hypertrophy 



At a Glance 



Left ventricular hypertrophy (LVH) is a common pathologic 
finding, occurring in about 20% of a population of 50-year- 
olds, and more in older people. It represents an independent 
predictor of premature death that is as important as frequent 
ventricular premature beats. The enhanced risk is due to 
consecutive malignant ventricular arrhythmias and to heart 
failure. It Is possible to prevent or reduce LVH with drugs such 
as ACE inhibitors, thus eliminating or diminishing the fatal 
consequences. Therefore, reliable diagnosis of LVH has been 
the subject of increased interest during the last two decades. 

ECG 

Today the echocardiogram is generally acknowledged as the 
preferred diagnostic method. It has a specificity and sensitivi- 
ty of about 90% (compared to anatomic evaluation using the 
left ventricular (LV) dissecting method as a gold standard). 
However, the ECG can and should be used as a screening 
method in modern times. Why is this the case? 

First, the specificity of the old ECG criteria, which are used 
generally, is equivalent to that of the echocardiogram 
(90%-ioo%). However, this is at the expense of the sensitivity, 
which is poor at 20%-35%. It should be mentioned that the 
high level of specificity is only true for individuals aged over 
40 years. 

Second, ECGs are still performed at least six times more 
often than echocardiograms, albeit for different purposes. LVH 
may be detected when an ECG is used for such a different pur- 
pose. 

Third, ECGs are registered by a technical assistant or a 
nurse in a short time, and are usually interpreted by the physi- 
cian within minutes. 

Fourth, the costs of an ECG are only about 20% of those of 
an echocardiogram. 



Therefore, what is the best way to proceed in practice? 

1 ECG Indices for LVH 

If one or two of the older voltage ECG indices (summarized in 
Table 5.1) and the recently published Cornell index (Table 5.2) 
are positive in a patient older than 40 years, we can diagnose 
LVH with great accuracy. 

If all these indices are negative, we cannot exclude LVH 
however. In patients with hypertension or other diseases dis- 
posing to LVH an echocardiogram must be performed. With 
this method LVH can be confirmed or excluded. 

In young patients the ECG voltage criteria may he false pos- 
itive. In doubtful cases, while respecting the clinical conditions, 
an echocardiogram is useful again. 



Table S.1 

Old ECG voltage indices for detection of left ventricular hypertro- 
phy 



Limb leads 



>12 mm) [Sokoiow-Lyon'in 

Rjyj: ^ 20 mm 

R| -I- S|,j ^ 25 mm (Gubner-Ungerleider) 

R| - R|„ + 5||, - S, ^ 17 mm (Lewis 1914) 

Rgyp ^ 24 mm 



Precordial leads 



Syi + Ryj [or ^ 35 mm (Sokolow = Sokolow-Lyon'l') 
Ryj (or ^ 26 mm 
Syj + Syj ^ 35 mm 
Sy^ ^ 24 mm 

[R + 5 ^ 3 ) + (R -h Sy^) £ 32 mm 
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At a Glance 








Other old EGG indices not mentioned in Table 5.1 that also 
respect T-wave negativity or the behavior of the p wave in lead 
Vj, have not improved at all the detection or exclusion of LVH 
(for example, the relatively complex ‘Romhilt point-score 
index’). 

ECGs 5. 1-5.3 show examples of LVH with positive voltage 
criteria, and EGG 5.4 shows a patient with LVH and negative 
voltage criteria. As mentioned before a false-negative result is a 
frequent finding, indicating low sensitivity. EGG 5.5 is an exam- 
ple of a false-positive Sokolow index. This is a rare finding at 
the age > 40 years and represents high specificity. However, it 
is not as rare in healthy young individuals, especially in men. 

The Gornell index, a more recent voltage criterion, takes 
into account the gender of the patient: R^yl + Sy^ > 28 mm in 
men, and > 20 mm in women (Table 5.2; EGGs 5.1-5.6). The 
specificity of this index is 8o%~90%, and the sensitivity about 
35%. With the Gornell product, that is the product of the 
Gornell voltage and the QRS duration (Table 5.2), the sensitivi- 
ty was improved from 36% to 51%. 

2 Diagnosis of LVH in Intraventricular 
Conduction Disturbances 

In the presence of left bundle-branch block (LBBB) and espe- 
cially of left anterior fascicular block (LAFB) the diagnosis of 
LVH is markedly enhanced, for vectorial reasons. In contrast, 
the diagnosis is very much impaired in right bundle-branch 
block (RBBB), due to opposite vectors of the left and right ven- 
tricle. 

Based on the Framingham study, LVH is responsible for 
70% of the cases with LBBB. For the detection of LVH in LBBB 



The Full Picture 



Attempts to identify LVH in the EGG have not slackened dur- 
ing the last years. This is astonishing to a certain degree, 
because the superiority of the echocardiogram is generally 
acknowledged in this field. However, the EGG is a routine 
examination in the majority of patients and provides impor- 
tant information about rhythm abnormalities and conduction 
disturbances. Thus at the same time LVH can be identified in 
the EGG. However, LVH cannot be excluded in many cases. 
With the echocardiogram, LVH can be quantified by determin- 
ing the LV mass in g/m^. The echocardiogram is especially 



Table 5.2 

'Cornell indices' for detection of ieft ventricular hypertrophy 



'Cornell' index 



+ Syj ^ 28 mm (male) 

+ Syj ^ 20 mm (female) 



r^omeir product (mm x sec) 



Male + Syj) x QRS duration 

Female (R^^l + Syj + 8 mm) x QRS duration 



Corrected 'Cornel f product 



Male [R,v^ + S^j) + {0.0174 x (age - 49}} + {0.1 91 x [BMl - 26.5)1 

Female [R.^l + Sv3) + (0,0387 x [age - 50}] + {0.212 x [BMl - 24.9)} 

BMl: body mass index. 



some indices have been published. The index Sy^ + Ry^ 
> 45 mm of Klein et al [1] is simple, whereas the ‘index bundle’ 
of Kafka et al [2] is very complicated. Based on our own data, 
the specificity of Klein’s index is good-to-excellent but the sen- 
sitivity is significantly lower than that reported by Klein et al 
(EGG 5.7). LAFB results in a unique, uniform behavior of the 
QRS complex that facilitates the diagnosis of LVH. Gonse- 

quently the index Sn, + (R + S)^aximal precordial ^ 3° mm 
(male) or > 28 mm (female) is very reliable, with a specificity 
and sensitivity of about 90% (EGGs 5. 8-5.9). 

RBBB reduces the R voltage in the precordial leads (gener- 
ally 2-4 mm) by RV vectors opposite to LV vectors. Thus LVH 
is probable if the amplitude of R waves in V^ to V^ is greater 
than in a normal EGG (> 12 mm). However, an echocardiogram 
is better by far. 



important for long-term follow-up and for accurate measure- 
ment of LV function and dimensions. 

3 Etiology and Prevalence 

The most common etiology of LVH is arterial hypertension. 
Other etiologies include aortic valvular diseases, hypertrophic 
cardiomyopathies, and multiple rare diseases as metabolic dis- 
orders (hyperthyreosis. Gushing’s disease, acromegaly). LVH 
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probably represents the most common pathologic condition 
with potential severe consequences. 

Echocardiographically diagnosed LVH is much more fre- 
quent than LVH detected by an EGG. In a general population 
sample of 5509 in Framingham, MA, the prevalence of LVH 
detected by EGG criteria was only 1.5% at the beginning of the 
study (another 1.7% had possible LVH) [3]. Based on an 
echocardiographic study of 4684 subjects in the Framingham 
population, Levy et al [4] detected LVH in 16% of men and 19% 
of women, with a dramatic increase in those aged of 70 years 
or more, to 33% of men and 49% of women. In a population of 
3338 with uncomplicated hypertension, Hammond et al [5] 
found LVH in 12% of people with mild hypertension and in 
20% of those with moderate hypertension. 

ECG Special 

4 Validation of the QR5 Voltage Criteria 

One of the main problems of LVH voltage EGG indices using 
the limb leads, alone or in combination with the precordial 
leads, is the wide variability of the frontal QRS axis. Although a 
frontal AQRSp of + 30° to - 30° is common at the age of 40 years 
or more, a substantial number of patients have a frontal QRS 
axis between + 30° and + 90°. The difficulty then is to decide 
what voltage in which lead should be used for an index. The 
commonly used indices in limb leads - used from the time of 
Lewis in 1914 [6] - are listed in Table 5.1. Effectively, the index 
Ri + Sjji > 25 mm [7] and the index R^yp > 11 mm [8] are not 
sufficient, with high specificity of about 8o%-95%,but low sen- 
sitivity of 30%. Schillaci et al [9] reported extreme values of 
97% specificity and 12%-15% sensitivity. 

The QRS variability in the precordial leads is far less pro- 
nounced with a common transition zone between V^ (predom- 
inantly negative QRS) and V^ (predominantly positive QRS). 
Some pathologic conditions such as funnel chest, pneumotho- 
rax, and dilatation of the right and/or left ventricle (see section 
6.4) displace the transition zone; in the latter to the left, lead- 
ing to deep S waves in leads V^/V^ at the expense of the 
R waves. Moreover, the EGG indices depending on the QRS 
voltage in the precordial leads are impaired by the ‘proximity 
effect’, whereby any precordial lead, especially a lead very near 
the heart, enhances vectors originating directly under the lead, 
and at the same time reduces heart vectors at a distance of 
more than 1 cm from the exploring lead. Thus local variations 
can alter the QRS amplitude; these variations include those of 



habitus or nutritional status, slight displacement or rotation of 
the heart, or minor changes in the placement of the leads. The 
latter is especially valid for leads V^ and V^ ( V^) that are near- 
est to the left ventricle. An unusual but instructive example of 
the ‘proximity effect’ in a patient with hypertrophic cardiomy- 
opathy is shown in Ghapter 32 Rare EGGs. 

In fact, the indices based on the precordial QRS voltage, i.e. 
the Sokolow index, or the index Sy^ > 25 mm, show high speci- 
ficity of 89% [9] and 94% [10], but a low sensitivity of 21% [9] 
and 20%-33% [10]. 

An attempt to summarize all Q, R and S amplitudes in the 
limb leads and the precordial leads seemed logical, considering 
that the human electric ventriculogram is a ‘levogram’. 
However, the results were likewise disappointing. The QRS sum 
index has good specificity and low sensitivity. At a matched 
specificity of 95%, Molloy et al [11] reported a sensitivity of 
31%. Multiplication with the QRS duration (=QRS sum-dura- 
tion product) resulted in a slightly better sensitivity of 45% 
[11]. Koehler et al [12] found an insufficient specificity of 43%, 
but a high sensitivity of 74% with the Gornell index. 

The index of the Gornell group respects the patient’s gen- 
der: RaVL ^V3 - women. 

Schillaci et al [9] found a specificity of 97% and a sensitivity 
16%. With a slightly modified Gornell voltage index RaVL ■*" ^¥3 
> 24 mm, instead of > 28 for men, and additionally respecting 
a strain pattern or the Romhilt point-score index [13], the sen- 
sitivity was improved from 22% to 34%, at a preserved speci- 
ficity of 93% [9]. This represents rather a complicated enter- 
prise for a small improvement. In the study by Molloy et al [11], 
the sensitivity was increased with the Gornell voltage-duration 
product (Table 5.2) from 36% to 51%. Norman et al [14] report- 
ed a slightly better sensitivity in women than in men. 

It has been shown that the inclusion of age and gender (in 
one of the first publications of the Gornell group [10]), and 
body mass index [14], as well as risk factors for LVH [15], 
improve the value of several EGG indices. However, the overall 
sensitivity could not be increased above 50%. 

5 Detection of LVH in Ventricular 
Conduction Disturbances 

Based on the behavior of the QRS vector it is easy to under- 
stand why a ventricular conduction disturbance may impair or 
enhance the diagnosis of LVH. 
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main left ventricuJar vector 
(slightly reduced by 
vector 3) 



vector 2a 
right ventrl- 
cular vector 
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vector 1 

main left ventricular 
vector (»R«) 



vector 3 
delayed 
abnormal right 
ventrcular vector 



vector 1 
septal vector 
(slightly enhanced) 



Figure S.la Figure S.lb 

Main QRS vectors in normal activation Main QRS vectors in right bundle-branch block 



5.1 Right Bundle-Branch Block 

As discussed in Chapter lo (Bundle-Branch Blocks) the abnor- 
mal vectors produced by RBBB predominantly influence the 
last portion, but to a minor degree also the middle and even 
initial portions of QRS. The last, great and delayed RV vector 3 
is responsible for the tall and broad R’ wave in leads Vj and 
aVR. This vector occurs predominantly after the end of LV 
excitation and does not influence the LV vectors. In contrast, 
RV vector 2a (that is greater than a normal RV vector, due to 
abnormal and slow excitation on a broad front of a portion of 
the RV) occurs at the same time as the normal main LV vec- 
tor 2. As the RV vector 2a is opposite to the LV vector 2, the nor- 
mal main LV vector is reduced (Figure 5.1b). This effect is 
measurable in the horizontal leads: The R waves in leads V^/V^ 
and also the S waves in leads V^/V^ are reduced by 2 mm to sev- 
eral millimeters. Additionally, vector 1 (the septal vector) is 
slightly altered in RBBB, compared to the normal ventricular 
activation (Figure 5.1a). This is only seen in a slightly increased 
R wave in the leads V2/V3. 

Overall the EGG diagnosis of LVH is substantially impaired. 
All voltage indices using the horizontal leads (with or without 
limb leads) will reveal a higher specificity but an even lower 
sensitivity, compared to results in the absence of RBBB. This 
was proved in a publication by Vandenberg et al [16]. The 
authors investigated 100 patients with RBBB, using 32 EGG 
indices created for the detection of LVH. In the presence of left- 




Figure S.lc 

Main QRS vectors in left bundle-brancb block 



axis deviation, the index S,i, + (R + precordial ^ 30 mm 

proved to be ‘probably the most useful criterion’ with a speci- 
ficity of 84% and a sensitivity of 54%. Of the other 31 indices, 
27 had sensitivities below 30%, including 12 indices with a sen- 
sitivity of o%-ii%, but an excellent specificity of 98%-ioo%. 
Although the index mentioned above originates from our insti- 
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tution (it was specially created for the detection of LVH in the 
presence of (isolated) LAFB; see section 5.3 below), we do not 
recommend the use of this index in RBBB. The 100 patients of 
Vandenberg et al [16] with RBBB included several cases with 
associated LAFB that falsely improved the result. Moreover, the 
authors did not clearly define ‘maximal R + S precordiaT (for 
instance, were late RV vectors included?) and did not present 
an ECG example. So in this condition, and in cases of suspect- 
ed LVH we propose that an echocardiogram is performed. In 
practice, LVH can be suspected if the R wave amplitude in 
V^/Vg (always reduced by RBBB) is strikingly high (ECG 5.10). 

5.2 Left Bundle-Branch Block 

The QRS vector is greatly altered in the presence of LBBB. 
Somewhat simplified, it consists of only one great and pro- 
longed vector, directed to the left, and generally superiorly (in 
some instances inferiorly) and slightly posteriorly 
(Figure 5.1c). The normal small RV vector, although pointing to 
the opposite direction, is even more ‘swallowed' by this great 
LV vector than in normal conditions. As the QRS vector is pro- 
duced only by LV forces (including the septum) and points in 
only one direction, it seems obvious that the diagnosis of LVH 
should be enhanced, especially if an index is based on the pre- 
cordial leads. Several publications seem to support this theo- 
retical concept. Klein et al [1] applied the index 
Svi + Rv6 - 45 44 patients with LBBB (23 with LVH, 21 

without), with the echocardiogram as control (LV mass 
> 260 g/m^ or LV thickness of the posterior wall > 11 mm). The 
specificity was 100%, the sensitivity at 86% was also very high. 
Kafka et al [2] studied 125 patients with LBBB with the help of 
a complicated set of criteria: 

i. RaVL > 

ii. frontal QRS < - 40° 

hi. Svi + Rv 5 (or Rv 6) > 40 mm 
iv. Sy 2 > 30 mm (or Sy^ > 25 mm). 

They compared the results with a LV mass of > 115 g/m^ in the 
echocardiogram. The specificity was 90% and the sensitivity 
75%. The index of Klein et al would be preferable in practice 
because of its simplicity (ECG 5.7). However, an unpublished 
study by the present author in 78 patients with LBBB (38 with- 
out LVH and 40 with LVH of various etiologies; ‘gold standard’: 
echocardiogram, discriminating LV mass index > 124 g/m^) 
revealed a sensitivity of only 28% and a specificity of 92% with 
the index of Klein et al. The index of Kafka et al resulted in a 



moderate specificity of 72%, and sensitivity of 52%. In the 
presence of LBBB, therefore, it seems preferable to apply only 
the excellent specificity of the Klein index [1]. 

5.3 Left Anterior Fascicular Block 

In LAFB, where a frontal QRS left- axis deviation is mandatory, 
the frontal QRS is ideal for a voltage index. Lead III shows the 
greatest increase of the S amplitude in LVH. In the horizontal 
leads there is always a RS configuration. A clockwise rotation is 
most common but also a counterclockwise rotation may occur. 
However, with the criterion (R + precordial all varia- 

tions of the horizontal QRS vector loop are respected, the sep- 
tum included (Figure 5.2, ECGs 5. 8-5.9). With the combination 
of a frontal and horizontal voltage index, Sjjj -H (R -H S)j^^xjjjjal 
precordial - 3® Gertsch et al [17] (Table 5.3) found in 50 
patients with isolated LAFB (without myocardial infarction) a 

Table S3 

Index for the detection of left ventricular hypertrophy in left ante- 
rior fascicular block 




S|||| -F (R -1- pfKiMd'iai ^ nriiTt 



posterior 




anterior 



Figure S.2 

Variants of QRS vector loop (horizontal plane) in left anterior fasci- 
cular block 
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specificity of 89% and a very high sensitivity of 96% (echo cri- 
terion: LV mass > 124 g/m^). The authors suggested a value of 
28 mm for females. The index proved to be superior to the cri- 
teria used hitherto by Milliken [18] and Bozzi and Figini [19]. 

5A Other Ventricular Conduction 
Disturbances 

There are no data about the value of EGG indices for the diag- 
nosis of LVH in bilateral blocks. However, based on the publi- 
cation of Vandenberg et al [16] it can be assumed that for the 
combination RBBB + LAFB the index Sjjj + (R -I- S)jnaximal pre- 
cordial - 3® hsc/e a specificity superior to 84% and a 

sensitivity superior to 54%. 

In general, an incomplete RBBB does not influence the 
magnitude of the main LV vector, in the absence of RV hyper- 
trophy. In some cases with a relative broad QRS complex and a 
tall r’ wave in lead Vp there is a slight reduction of the S ampli- 
tude in V^/V^, and of the R amplitude in V^/V^. 

In all these conditions the echocardiogram will reveal reli- 
able results. 

6 Detection of LVH in Special 

Conditions 

6.1 Hypertrophic Obstructive 

Cardiomyopathy 

In hypertrophic obstructive cardiomyopathy (HOCM), LVH 
has different implications for the EGG that depend partially on 
the grade of unorganized anatomy of the LV muscle fibers, and 
partially on septal hypertrophy. The typical EGG pattern in 
HOGM is characterized by deep and broad pathologic Q waves 
reflecting septal hypertrophy. 

In rare cases HOGM influences the whole QRS complex. 
The main QRS vector points to the right and superiorly. We had 
the opportunity to be confronted with this unusual EGG pat- 
tern under extraordinary circumstances. 

Short Story/Case Report 1 

On August 21 1965 a 22-year*old man was investigated as the 
last patient in the ambulatory section of our department. He 
complained of angina during strong exercise. He had a rough 
systolic murmur of grade 3/6 over the fourth left intercostal 
space. On x-ray his heart was slightly enlarged. His ECG was 



most spectacular (ECG 5-na) and was first interpreted as the 
atypical pattern of an old myocardial infarction. However, 
instantaneous and intensive research of the literature per* 
formed by all members of the department (only four at that 
time) revealed the likely presence of a recently described 
"new* cardiac disease, a "hypertrophic muscular subaortic sten- 
osis*, called hypertrophic obstructive cardiomyopathy today. 
Heart catheterization was planned for the following week. 

The next morning we investigated a 27-year-oId woman 
who had similar symptoms. Moreover, she had the strange 
feeling that there was not enough room for the blood in her 
heart. Her ECG (ECG 5.11b) was so similar to that of the 
young man that we first thought their ECGs had been con- 
fused. In both patients the diagnosis of severe HOCM was 
confirmed by heart catheterization and LV angiography, with 
an intraventricular gradient of 80 mmHg in both patients. 

Overall we were confronted by strangely duplicated 
cases. Conversely, the follow-up in these two young patients 
was completely different. The woman died suddenly 
4 months later while playing tennis. And astonishingly, the 
man is still alive, 37 years later, with no heart operation and 
with a minimal dose of propranolol (40 mg a day!). His 
obstructive cardiomyopathy converted over many years into 
a nonobstructive, modestly dilating cardiomyopathy. 

The author has not seen such extreme ECG manifesta- 
tions of HOCM during the next 35 years. 

Such a QRS configuration can no longer be explained by septal 
hypertrophy alone (because the mass of the lateral wall often 
overweighs the septal mass); there will also be bizarre ventric- 
ular conduction disturbances due to the chaotic structure of 
the myocardial fibers. 

ECG 5.12 shows another example of severe HOCM, with 
QS wave in lead V^ and suspect Q waves in the inferolateral 
leads. A milder form of the disease can occasionally be detect- 
ed, e.g. in the relatives of a patient with severe HOCM, on the 
basis of pronounced Q waves in the leads V^ and V^, and often 
in I and aVL (ECG 5.13). 

However, it has to be mentioned that also severe cases of 
HOCM may not show any pathologic Q waves but a pattern of 
‘simple’ LVH, with or without strain, an LBBB, or even a normal 
ECG. In the last case one may assume that the vectors produced 
by chaotic muscle fibers cancel themselves out. In ECGs with dis- 
tinct Q waves a myocardial infarction can be excluded by the 
atypical localization of the Q waves, by the discordant positive 
and asymmetric T waves and especially by the clinical conditions. 
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6J2 Asymmetrical Apical LVH 

Asymmetrical apical LVH [20] is an extremely rare condition 
outside of Japan [21]. The EGG is characterized by huge 
R waves and strikingly deep T waves in the precordial leads 
and some limb leads (EGG 5.14). 

Systolic and Diastolic Overioad 

The terms systolic overload and diastolic overload were created 
by Gabrera and Monroy in 1952 [22,23]. The authors believed 
that in valvular and some congenital heart diseases a diastolic 
overload produces a distinct EGG pattern, compared to systolic 
overload. The pattern should consist of small and high 
R waves, slight ST elevations and tall symmetroid T waves in 
leads V4 to (EGG 5.15). However, no reliable correlation 
could be found in other studies [24]. Moreover, a pattern of 
‘diastolic overload’ generally turns into a pattern of ‘systolic 
overload’, when diastolic overload persists for years or decades. 
The QRS duration increases, the ST segment and the T wave 
become negative. In the early stage of diastolic overload, the 
respective patterns may occasionally be seen in patients with 
patent ductus arteriosus or aortic valve incompetence. 

Short Story/Case Report 2 

In May 1969 a 16-year-old girl was hospitalized for nausea 
and heavy vomiting. No diagnosis could be made. In the 
EGG the author found a sinus rhythm of 65/min, a slight 
ST elevation and tall, positive symmetroid T waves in the left 
precordial leads as a normal variant (EGG 5*16). The sugges- 
tion of diastolic overload (that occurs in the fourth to 
sixth months of pregnancy) and the proposal of a pregnan- 
cy test provoked enormous laughter from the author’s col- 
leagues. One day later everyone was amazed - the test was 
positive. This is an excellent example of an EGG interpreta- 
tion that should never be applied (or only once) in a cardiol- 
ogist’s lifetime. 

64 LVH Associated with Marked LV 
Dilatation 

This is not a rare condition at all. Marked LV (and/or RV) 
dilatation leads to QRS clockwise rotation in the precordial 
leads and may change the AQRSp, at the same time often 
diminishing the QRS voltage in some limb leads. This strongly 
impairs the detection of LVH in the EGG (EGG 5.17). 



7 Factors Impairing the ECG Diagnosis 

of LVH 

7.1 Gender and Race 

Only recently has the reduced QRS voltage in white women 
compared to white men been accounted for in voltage indices. 
Black people, especially women, have significantly higher volt- 
ages than white people. 

7.2 Age 

In the young the QRS amplitude is significantly higher. As a 
rule, the EGG indices should only be used in individuals older 
than 40 years. Pipberger et al calculated a 6.5% decrease of the 
maximal spatial QRS vector per decade from the age of 
20 years to 80 years [25]. 

7.3 Body Habitus and Body Weight 

Body habitus and body weight strongly influence the QRS volt- 
age, especially in the precordial leads. In obese patients, a volt- 
age index is more often false negative; in slim people it is more 
often false positive. This may also occur in old patients with 
cachexia. Sometimes the voltage is diminished by strong tho- 
racic muscles or by subepicardial fat. 

74 other Pathologic Conditions 

Alterations of tissues near the heart (or surrounding it) are the 
main causes for the reduction of QRS voltage, especially pul- 
monary emphysema. Pulmonary edema and pneumothorax - 
and more often pericardial effusion - also diminish the volt- 
age. ‘Infiltrative’ heart diseases, such as myocarditis, amyloido- 
sis, or scleroderma, can reduce the amplitude of QRS, as can 
myocardial infarction. Right ventricular hypertrophy (RVH) 
and RBBB (also RBBB without RVH) reduce the amplitude of 
the R waves especially in leads V^ to V^ by simultaneous, oppo- 
site RV vectors. Hypothyreosis (myxedema) leads to reduction 
of the QRS (and T) voltage and a peripheral low voltage is seen 
in large pericardial effusion. All of these conditions impair the 
EGG diagnosis of LVH. As an exception, LBBB increases the 
voltage of the S waves in V^ to V^ (V^). Occasionally a slight 
increase of precordial QRS voltage is observed in hyperthyreo- 
sis (without true LVH) that is reversible after treatment. 
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The Full Picture 




IS Variability of the Frontal and 
Horizontal QRS Vector 

As mentioned before, variability of QRS configuration in the 
horizontal and especially in the frontal leads also makes it dif- 
ficult to find accurate ECG indices. 

8 Conclusions 

In summary, the ECG detection of LVH seems to be reliable 
only in the presence of LAFB, due to the unique vectorial QRS 
behavior. For evaluation of ECGs without conduction distur- 
bances (and without myocardial infarction) all QRS voltage 
criteria reveal good-to-excellent specificity, but low-to-very- 
low sensitivity. Probably the best criteria are the Cornell volt- 
age index and the Cornell product, with a specificity of 
85%-95% and a sensitivity of 30%-50%. In our experience, in 
LBBB, and especially in RBBB, the ECG is of little diagnostic 
value, although some good-to-excellent results have been 
reported in the literature. Especially in patients with clinically 
suspected LVH, and no or only one ECG voltage criterion indi- 
cating LVH, the accurate quantitative measurement with the 
echocardiogram is highly preferable. 

9 Pathophysiology and Effects of LVH 
on the ECG 

A slight dilatation of the left atrium is probably the first effect 
of hemodynamic LV overload. Then LVH begins to develop, 
usually in a concentric form, mainly leading to an increase of 
the left main LV vector. 

Consequently the amplitudes of the R waves in V^ and V5 
( V^) increase and, as a mirror image, so do those of the S waves 
in leads (V^). To a minor degree the R waves increase in 
leads I and aVL (in left QRS axis) or in III, aVF and II (in ver- 
tical QRS axis). As the conduction through the hypertrophied 
left ventricle takes longer, there is an increase of QRS duration 
and a delay of the intrinsic deflection that exceeds 0.055 sec 
(measured in V^/V^). At the same time the frontal QRS axis is 
shifted to the left in many cases of extensive LVH. However, an 
indifferent or even vertical QRS axis can also be observed in 
some patients with valvular aortic stenosis or in extracardiac 
conditions such as asthenic habitus and pulmonary emphyse- 
ma. A prominent Q wave in lead III (‘Qm’) and aVF, or even a 
QS complex in III (ECG 5.2), may be due to LVH (or a normal 
variant) and not to inferior infarction. In the case of LVH the 



T wave is generally positive; in case of infarction the T wave is 
generally negative and symmetrical in lead III. 

Often the repolarization is also affected. The depression of 
the ST segment, mostly with an upward convex configuration, 
may reach 3 mm (measured at the J point or 0.08 sec after the 
J point). Negative asymmetric (discordant) T waves are quite 
common. 

The useful ECG criteria for LVH respect the increase of QRS 
voltage. Some indices have been improved by multiplication of 
the voltage index with QRS duration, resulting in products. 
Additional inclusion of ST and T abnormalities have not much 
helped to improve LVH diagnosis due to the nonspecificity of 
repolarization changes. 

1 0 Prognosis of LVH 

LVH has been recognized as an independent factor for cardio- 
vascular events and premature death. 

LVH in hypertensive patients is associated with significant- 
ly increased mortality and with a threefold prevalence of coro- 
nary heart disease [3]. Sullivan et al [26] found a 5-year survival 
rate of 84.4% in patients with electrocardiographic LVH com- 
pared to 94.5% in patients without LVH. Haider et al [27] 
reported an increased incidence of sudden death, especially in 
men, based on the results in a cohort of 3661 patients enrolled 
in the Framingham study; LVH prevalence was 21.5%. A 
twofold mortality rate in black people compared with white 
people was found by Benjamin and Levy [28]. Based on a study 
in 6391 women and 5243 men (age 35-74 years, follow-up 
7 years) Larsen et al [29] recently reported that the ECG pat- 
tern of LVH with negative T, with or without ST depression, are 
significantly associated with ischemic heart disease. 
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The Full Picture 





ECG5,1 

53y/m. Severe LVH 1 year after valve replacement for aortic valve incompe- 
tence. Pos/t/Ve voltage indices: Rqvl =15 mm (> 11 mm); R| + = 31 mm 

(> 25 mm). Negative voltage indices: Cornell: 21 mm (> 28 mm for male); 
Sokolow ($vi + Rvs) = 29 mm (> 35 mm). Plus: negative T waves in leads 
with tall R waves. Left-axis deviation due to LVH, probably not due to LAFB. 
Echo: LV mass index 270 g/m^. 



ECGS.2 

69y/f. LVH, 2 months after aortic valve replacement. 
Positive voltage indices: Sokolow: 41 mm; Cornell: 30 mm 
(20 mm for female). Negative voltage indices: 

RgVL = ^ R| + 5||| = 19 mm. Plus: significant 
ST depression and T inversion in anterolateral leads. 
Echo: LV mass index 150 g/m^. 
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ECGS.3 

57y/m.Tall R waves in V 4 /V 5 suggest LVH. Positive 
voltage criteria: Sokolow: 41 mm. Negative indices: 
RaVL/ Cornell, R| + Sm. No T inversion. Echo: LV mass 
134 g/m2. 
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Chapter 5 ECCs 






ECGS.4 

80y/m. All usual voltage criteria are negative. LVH may be sug- 
gested from the tall RS complexes in V 4 /V 5 , about 30 mm each. 
Hypertensive and coronary heart disease. Echo: LV mass 
165 g/m2. 



ECGS.S 

24y/m. Positive Sokolow index (37 mm), all other voltage 
indices negative. Echo: No LVH. False-positive Sokolow 
index in a young healthy individual. 
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EC6 5.6 

18y/m. Operated ventricular septal defect with rest-shunt. At first 
glance no LVH, but note calibration in precordial leads 
(1 mV = 5 mm!). Despite right-axis deviation and a minimal R wave 
in aVL, the Cornell index is positive: Ravi=^ ^V 3 = 

Sum = 35 mm (28 mm for male). All other indices are negative, par- 
tially due to right-axis deviation. Echo: LV mass 180 g/m^. 



ECG5J 

79y/m. LVH with LBBB, showing striking QRS amplitudes in the pre- 
cordial leads (see calibration 1 mV = 5 mm). However the index of 
Klein et ai (Sy^ + Ry 5 > 45 mm) is negative, with 42 mm. 
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Chapter 5 BCCs 





ECG5J 

71y/m. LVH in LAFB.The index Sm + (R + precordial 

^ 30 mm (Gertsch et al [17]) is positive: Sm = 12 mm; R + S 
in V 2 = 21 mm; Sum = 33 mm. All other voltage indices (e.g. 
RaVL/ R| + S|||, Cornell and Sokolow) are negative. 




ECG 5*9 

77y/m. LVH in LAFB. Positive indices: Gertsch et al (36 mm), 
Cornell (32 mm). Negative indices: R^vi^, R| + Sm, Sokolow. 
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ECG5J0 

57y/m. LVH in RBBB. Hypertensive and 
coronary heart disease. Besides sinus 
rhythm with an extreme AV block 1 ° and a 
pathologic Q wave in V^/V 2 , the great 
R wave amplitudes in leads V4/V5 in the 
presence of RBBB suggest LVH.T negativi- 
ty in V 4 to Vg due to LV overload and/or 
ischemia. 
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Chapter 5 ECCs 




ECG 5.11a 

Short Story/Case Report 1.22y/m. HOCM. ECG (50 mm/sec): 
sinus rhythm. Striking QRS vector in the limb and precordial 
leads. AQRSp about - 130°, with a positive QRS complex only in 
lead aVR. Giant S waves in V 2 /V 3 . ()S complexes in leads I, II, V 4 
to Vg, as in extensive lateral myocardial infarction (however 
positive discordant T waves). 
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EC6 5*1 1b 

Short Story/Case Report 1 . 27y/f. HOCM. ECG (50 mm/sec): sinus rhythm. Striking QRS vector in the limb 
and precordial leads. AQRSp about - 100°. QS complexes in leads Vs/Vg, prominent Q waves in leads I, II, 
aVL, aVF and V3/V4 and in the posterior leads V7 to V9.The QRS vector and the Q waves are very similar to 
those in ECG 5.11a. 
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Chapter 5 ECCs 





ECG5.12 

28y/m/Typical' pattern in HOCM. QS in V 3 , pathologic Q waves in V 4 to Vg and in I, II, aVF and III (as mani- 
festation of at least abnormal septal activation). ECG 18 months after alcohol ablation, unchanged 
besides new RBBB. LV gradient reduced from 48(116) mmHg to 10(19) mmHg (with amyinitrate). 
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ECGS.13 

25y/m. HOCM. QS in aVL, slightly prominent Q in I and V 4 to Vg (haif 
calibration of the precordial leads). Striking ST depression and neg- 
ative T waves in II^VF/lll. Echo/Doppler: gradient 33 mmHg at rest, 
70 mmHg with amyinitrate. 



ECGS-14 

39y/m. Apical hypertrophy. High R amplitude with significant 
ST depression and 'giant' negative T waves in V 4 to Vg. 
Incomplete RBBB. Echo: LV mass 270 g/m^. 
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ECGS.1S 

64y/m. Mild aortic valve incompetence. 
Typical pattern of'diastolic overload'. 
Relatively deep Q waves and tall, narrow 
R waves, slight ST elevation and positive, 
high and peaked T waves in V 3 to Vg. The 
pattern is probably also due to low rate 
sinus rhythm. 
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ECG5.16 

Short Story/Case Report 2. ECG: there is minimal ST ele- 
vation in V 5 and Vg combined with relatively high and 
symmetroid T waves. 



ECG 5.1 7 

77y/m. LVH with LV dilatation. There is clockwise rotation in the precordial 
leads, R in Vg is significantly higher than R in V 5 . All voltage criteria are nega- 
tive. LVH can be assumed by deep S wave in V 2 . 
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Chapter 6 

Right Ventricular Hypertrophy 



At a Glance 



Right ventricular hypertrophy (RVH) is only detectable in the 
ECG if the nomrially thin wall of the right ventricle develops 
hypertrophy up to a grade that more or less balances the left 
ventricular mass. This alteration always takes time, generally 
months or years. 

Excessive RVH (with a right ventricular mass at least as 
great as the left ventricular mass) can be reliably diagnosed. In 
moderate RVH, the ECG manifestations allow only some 
suspicion of the presence of RVH. It is much rarer than left 
ventricular hypertrophy and is encountered in congenital 
heart diseases in its extensive form. 

ECG 

Lead is the most proximal to the anteriorly positioned right 
ventricle and therefore shows exclusively the direct and specif- 
ic alterations of RVH, demonstrating the augmented RV vec- 
tors, directed anteriorly and to the right. Thus, lead repre- 
sents the key lead for RVH, in the absence of incomplete or 
complete right bundle-branch block. The special right-precor- 
dial leads to are not used for the diagnosis or exclusion 

of RVH, but for the detection of RV infarction in the presence 
of inferior myocardial infarction. 

1 ECG Conditions for RVH 

RVH may be present in three conditions: 

i. without RV conduction disturbance 

ii. with incomplete right bundle-branch block (iRBBB) 

iii. with complete right bundle-branch block (RBBB). 

Frontal QRS right-axis deviation (AQRSp > 90°) is often pres- 
ent. Additional ST depression and especially T inversion in 



leads Vj to V^/V^ favor the diagnosis of RVH in conditions (i) 
and (ii),but not in (iii). 

1 .1 RVH without RV Conduction 
Disturbance 

The ECG is characterized by a single positive QRS deflection 
that is a pure R wave in lead (ECGs 6.1-6.3). This condition 
is encountered in pulmonary valve stenosis (which can also be 
associated with iRBBB), severe RVH in congenital heart dis- 
eases with Eisenmenger syndrome, and in some cases of mitral 
stenosis and severe cor pulmonale. In general there is associat- 
ed frontal QRS right- axis deviation. 

If some well-defined conditions are excluded, such as true 
posterior myocardial infarction and one type of pre-excitation, 
an R complex in V^ is very specific for RVH. 

A qR complex in lead is also a reliable sign of RVH 
(ECG 6.4). The Q wave is due to RVH and RV (and right atrial!) 
dilatation and not due to anteroseptal necrosis. A qR complex 
is occasionally found in severe acute pulmonary embolism in 
this case due to RV and right atrial dilatation. 

An RS complex in lead with a ratio R : S of more than 1 : 1 
(ECG 6.5) favors the presence of RVH, but is less reliable. This 
statement is also valid for an R wave > 7 mm in V^ or an S wave 
< 2 mm in Vj, always in the case of an RS complex. 

1 .2 RVH with iRBBB (QRS Duration 
Normal) 

An rSr’ complex in V^ with an r’ that is smaller than the initial 
R wave is rarely associated with RVH and is rather common in 
healthy young persons (ECG 6.6). If the r’ is evidently greater 
than the initial R wave, RVH is present in about 40% of cases. On 
one hand, this rSr’ type (r’ > r) is typical of patients with ‘atrial 
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At a Glance 




septal defect of the secundum type’ (90% have this anomaly), 
generally with asymmetric, negative T waves in Vj to 
(ECG 6.7) and may also be found in chronic pulmonary embo- 
lism, valvular pulmonary stenosis, and occasionally in cases of 
mitral stenosis. On the other hand, the pattern may occasionally 
represent an intermediate state between iRBBB and RBBB. The 
etiology in this case is manifold and includes fibrosis of the right 
bundle branch or coronary heart disease. However it should be 
emphasized that an rSr’ type with r’ > r can occur in normal 
individuals and is not unusual in people with funnel chest. 

1.3 RVH with RBBB 

(QRS Duration > 0.12 sec) 

For RBBB with or without RVH, the typical pattern is an rsR’ 
complex in lead Vj. In some cases the S wave is lacking because 



The Full Picture 



The ECG diagnosis of RVH is limited because the condition 
must be extensive in order to outweigh a normal or even 
hypertrophic left ventricle. Some ECG criteria are highly spe- 
cific for severe RVH. 

In cases with supposed RVH, an echocardiogram is imper- 
ative. 

2 Etiology and Prevalence 

Extensive RVH is observed in patients with congenital heart 
diseases such as tetralogy of Fallot, valvular pulmonary steno- 
sis, and the advanced stages of anomalies with left-to-right 
shunt complicated by the Eisenmenger reaction. In acquired 
heart diseases such as cor pulmonale and mitral stenosis, and 
in ‘secondary’ RVH following left heart failure, the RVH is gen- 
erally moderate. Due to the limitations of the ECG in these 
cases, the echocardiogram is preferable. RVH can be quantified 
to a certain degree and RV function is measurable using this 
method. 

RVH is about 10-20 times rarer than left ventricular hyper- 
trophy. Reliable epidemiological data is lacking. 



of projections and only a single broad and notched R wave is 
present. RVH can only be diagnosed or suspected if the ampli- 
tude of R’ exceeds 12 mm and/or the QRS duration is > 0.14 sec, 
caused by an atypically broad and often notched R’ wave. An 
associated QRS right-axis deviation is almost obligatory 
(ECG 6.8). The T wave is always negative in lead Vp in many 
cases also in V^ to V^, with and without RVH. The classical pat- 
tern of associated right atrial hypertrophy/enlargement, the 
‘p pulmonale’, can only be detected in patients with cor pul- 
monale ‘parenchymale’ - that is, due to obstructive lung dis- 
ease. 

Statistically RBBB is much more frequent in patients with- 
out RVH than in patients with RVH, with a ratio of about 20 : 1. 

It is generally advisable to correlate the ECG with the clini- 
cal findings, especially in borderline ‘ECG RVH’ and using the 
echocardiogram as a direct and better diagnostic method. 



ECG Special 

3 Vectors in RVH 

The normal human ventricular ECG is a levogram. This means 
that the thickness of the wall of the left ventricle (10-12 mm) 
far exceeds that of the right (2-3 mm). Similarly, in normal 
conditions, the left ventricular mass (115 g/m^ body surface in 
males and 95 g/m^ in females) is evidently greater than the RV 
mass (about 20 g/m^ body surface). Thus, the LV vectors are 
normally responsible for the QRS complex. In the frontal leads, 
the QRS axis is variable, whereas in the precordial leads there 
is a negative deflection (S wave) in leads V^ to V^ (with a small 
initial R wave due to septal activation) and a positive deflection 
(R wave) in leads V^ to V^ (with a small ‘septal’ Q wave). The 
opposite small RV vectors, directed anteriorly and to the right 
are completely canceled (‘swallowed’) by the dominating great 
LV vectors. It is obvious that a slight-to-moderate degree of 
RVH is not detectable in the ECG. ECG changes can only be 
observed if the RV muscle mass reaches more than about half 
of the left ventricular muscle mass. In anatomic studies, and 
also echocardiographically, RVH is diagnosed if the wall thick- 
ness exceeds 5 mm without ventricular dilatation, and 4 mm 
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with associated RV dilatation [i]. Expressed in weight, RVH is 
also defined as a RV weight of more than 70 g (about 40 g/m^) 
[2]. If RV weight exceeds about 30% of the left ventricle, the 
expression ‘relative RVH’ is used. 

RVH enhances the amplitude of the main RV vector as well 
as the duration of the RV depolarization, without broadening 
the QRS complex, except in the presence of an RBBB pattern. 

The typical changes are observed in lead Vp due to its prox- 
imity to the right ventricle. Moreover, the RV vectors are mag- 
nified by the ‘proximity effect’. V^ is the only lead to reflect 
directly the increased RV vectors directed not only anteriorly 
but also to the right. 

The most characteristic sign for RVH is a qR complex in 
lead Vj (highly specific but relatively rare; EGG 6.4) or a single 
tall R wave in lead (ECGs 6. 1-6.3). The Q wave is a conse- 
quence of the abnormal septal vector, which is directed more 
posteriorly than to the right, caused by hypertrophy of the 
right part of the interventricular septum. In some cases, lead V^ 
reflects endocardial RV potentials (RV potentials registered by 
a ‘pseudo-epicardial’ lead upon a dilated right atrium) [3]. This 
means that an alteration of the ventricular depolarization may 
express - exceptionally and indirectly - an atrial abnormality! 
In this case a Q wave (QR complex in lead V^) indicates exces- 
sive right atrial dilatation (Chapter 14 Differential Diagnosis of 
Pathologic Q Waves). 

4 RVHintheECG 

4.1 Single R Wave,QR Complex or RS 

Complex in Lead V| 

The more severe the RVH, the greater is the amplitude of the 
R wave in Vp with or without Q wave. Therefore, the highest 
R waves are seen in heart diseases with a severe elevation of 
systolic RV pressure lasting for many years, e.g. in congenital 
heart diseases in patients with Eisenmenger syndrome on one 
hand (EGG 6.9) and in severe pulmonary valve stenosis on the 
other hand (see section 5, differential diagnosis). 

A single tall R wave in Vj is quite rare in patients with pul- 
monary hypertension of other origin, such as severe mitral 
stenosis or cor pulmonale. In these conditions the R wave has 
an amplitude of only 2-4 mm (EGG 6.10), or shows an RS com- 
plex, or in other cases an incomplete or complete right bundle- 
branch block. 

An R/S ratio in lead Vj > 1 is due to RVH in about 60% of 
cases. Again, a concomitant frontal QRS right-axis deviation 
supports the diagnosis. Roman et al [4] demonstrated in a 



anatomic-electrocardiographic study of 118 hearts that the cri- 
teria of Ryj + Sy^ or Sy5 > 10.5 mm (Sokolow-Lyon index for 
RVH) and Sy^ or Sy^ > 7.0 mm are of little value for the detec- 
tion of RVH. 

4.2 Incomplete Right Bundle-Branch 
Block 

If the r’ is greater than the initial R wave, RV hypertrophy or 
dilatation - or both - may be the cause, especially if negative 
asymmetric T waves in leads V^/V^ and a right frontal QRS- 
axis deviation are present. In other cases this rsr’ configuration 
is an intermediate stage between incomplete right bundle- 
branch block (iRBBB) and complete RBBB. 

Based on vectorcardiographic criteria, Ghou et al [5] found 
a sensitivity of 66% in 97 selected patients with atrial septal 
defect, mitral stenosis and chronic obstructive lung disease. 
The specificity was not tested. In a large study of 819 autopsies. 
Flowers and Horan [6] reported insufficient sensitivity of 
about 10% but excellent specificity of 87%-ioo% for most of 
the mentioned EGG criteria for RVH. However, these publica- 
tions are based on selected patient cohorts. In daily practice 
about 50% of the rSr’ patterns with r’ > r in lead V^ are found 
in healthy, especially younger, individuals. iRBBB with r’ < r 
represents a normal variant in most cases. 

4.3 Complete Right Bundle-Branch Block 

RBBB is encountered more often without RVH than in combi- 
nation with RVH (relation about 20 : 1). RVH is present: 

i. if the R’ is higher than 12 mm 

ii. if the QRS duration is equal to or greater than 0.14 sec, due 
to a strikingly broad R’ wave 

iii. if there is frontal QRS axis deviation. 

An rsR’ type or negativity of the T wave up to leads V^ or V^ 
is not a reliable sign for RVH, without associated QRS right- 
axis deviation. 

44 S/S,|/S|||Type 

This configuration is seen more often as a normal variant than 
in RV hypertrophy or dilatation. In the latter cases, the S waves 
are generally deeper than the R waves, and the S wave is deep- 
er in lead II than in lead III. EGG 6.11 shows Sj/Sjj/Sjij type in a 
young individual with a normal heart. 
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4.5 Rare Type of RVH 

A very rare ECG pattern in RVH is characterized by an rS type 
in all precordial leads (ECG 6.12). The R waves are sometimes 
so small that extensive anterolateral infarction cannot be 
excluded. However, the T waves are generally positive in all 
leads and infarction can be excluded by other clinical findings. 
A concomitant right-axis deviation or a Sj/Sjj/Sjjj type sup- 
ports the diagnosis of RVH. The electrophysiologic mechanism 
of this rS pattern is not completely clear. An extreme rotation 
of the heart is assumed, eventually associated with a special RV 
conduction disturbance, with RV vectors pointing more back- 
wards than forwards. 

4.6 P Wave Alterations 

It is surprising that alterations of the p wave rarely provide 
additional information in suspected RVH based on QRS alter- 
ations. A classical ‘p pulmonale’ (tall p waves in the inferior 
leads, negative p wave in lead aVL) is only detectable in 
patients with ‘cor pulmonale’ due to chronic obstructive lung 
disease (ECG 6.13). In younger patients with severe asthma or 
heavy nicotine abuse, QRS right-axis deviation and a pattern of 
p pulmonale may be present without RVH. In these cases the 
precordial leads are generally normal. 

In patients with severe RVH due to pulmonary hyperten- 
sion on the basis of severely increased precapillary pulmonary 
arterial resistance (e.g. in Eisenmenger syndrome, in chronic 
pulmonary embolism, in pulmonary hypertension after intake 
of aminorectic drugs [7]), a special pattern of right atrial over- 
load may be seen, called ‘p pulmonale vasculare’ by some 
authors. The orientation of the frontal p vector is less oriented 
to the right than in ‘p pulmonale parenchymale’. Consequently 
the amplitude of the p wave is greater in lead I than in lead III. 
In lead V^ or/and V^ the p waves are generally peaked 
(ECG 6.14)* 

5 Differential Diagnosis of Possible 

Signs of RW 

5.1 Frontal QRS Right-Axis Deviation 

An isolated right-axis deviation (that is without possible signs 
for RVH in lead V^) may be seen in the following conditions: 

i. Normal children: in newborns the axis is more than + 110° 
in > 90%, after 4 weeks the axis is about -H 90° or more [8]. 



ii. Young adults: in 2%-3% of 20-30-year-olds [9]. 

iii. Chronic bronchoobstructive lung disease without RVH. 

iv. After left pneumectomy. 

V. Isolated left posterior fascicular block (extremely rare with- 
out combination with inferior myocardial infarction) with a 
QRS axis of -H 90° to + 120°; in left posterior fascicular block 
with inferior infarction, the QRS axis is about -h 60° (Chap- 
ter 9 Fascicular Blocks). 

vi. Extensive anterolateral infarction: pathologic Q waves and 
T wave abnormalities in the anterolateral leads (and often 
in I and aVL) make this diagnosis easy. 

vii. Unknown and inexplicable origin (rare). 

5.2 qR Type in Lead 

i. Extreme rotation of the heart, leading to projection of left 
ventricular vectors on lead V^ (e.g. in cases after left pneum- 
ectomy). 

ii. In right atrial and RV dilatation (in about 10% of cases of 
acute massive pulmonary embolism). 

iii. A Q wave in combination with RBBB is due to anteroseptal 
infarction, if pathologic Q waves are also present in adja- 
cent leads (V2 to V^ (V^)). 

53 Tall R Wave and RS Complex 
in Lead V-| 

i. In children a tall R wave in Vj is frequent up to the age of 
8 years, it occurs in 20% of those aged 8-12 years, and in 
10% of 12-16-year-olds [9]. An R/S ratio of > 1 in lead V^ is 
rare in healthy adults (about 1%), whereas an R/S ratio > 1 
in lead V^ is found in 10% [10]. 

ii. An RS complex or a single R wave in V^ and ( V^) is typ- 
ical for true posterior infarction. The diagnosis is supported 
by pathologic Q waves or QS complexes in leads V^ to V^ 
(Chapter 13 Myocardial Infarction). 

iii. Pre-excitation (former type A) may lead to a tall R wave. 
The correct diagnosis is easy based on the shortened PQ 
interval and the delta wave. 

iv. In rare cases a single R or an RS complex in V^ may be 
observed in pulmonary emphysema (without RVH) or in 
cases of displacement of the heart by surgical removal of 
the left lung, in left pneumothorax, in great pleural effu- 
sions, in kyphoscoliosis and in cachectic patients (possibly 
due to the ‘proximity effect’ in this case). 
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In all conditions with possible RVH signs in lead an associ- 
ated frontal QRS right-axis deviation strongly favors the diag- 
nosis of RVH, whereas an isolated QRS right-axis deviation is 
unspecific. 

Tall R waves (up to lo mm) in are also seen in two rare 
congenital heart diseases, namely in single ventricle and in 
transposition of the great arteries (also after operative correc- 
tion by the ‘Mustard operation’ or ‘atrial switch’). 

5.4 Incomplete Right Bundle-Branch 
Block 

An r’ wave smaller than the initial R wave is seen in many nor- 
mal, especially young, individuals, overall in 7% [11]. An r’ wave 
that is evidently greater than the R wave is more common in 
normal individuals than was assumed in older publications. 
This rSr’ type may also be an intermediate state between 
incomplete RBBB and complete RBBB. 

5.5 Complete Right Bundle-Branch Block 

The differentiation between RBBB with right-axis deviation 
and RVH (ECG 6.15) and RBBB associated with left posterior 
fascicular block (ECG 6.16) is not easy. In typical cases of this 
type of bifascicular block, a delayed intrinsic deflection of the 
inferolateral portion of the left ventricle can be observed in 
lead V5. A terminal slurring of the R wave reduces the duration 
of the S wave (ECG 6.16). 

5.6 S|/VS|||Type 

As mentioned before, this ECG pattern is rarely found in RVH 
and RV dilatation and more frequently represents a normal 
variant without any other abnormality. It may be accompanied 
by thoracic deformations. 

6 Systolic and Diastolic Overioad 

The old concept of Cabrera and Monroy [12] distinguishes 
between systolic RV overload (characterized by an R or RS 
complex in lead Vj) and diastolic RV overload (characterized 
by iRBBB). This concept has lost its clinical importance but 
may be of some interest in some selected patients. However, 
newer studies have revealed the unreliability of this statement 
[13]. Furthermore, Gurtner et al [14] found an iRBBB in > 90% 
of 24 patients with moderate-to-severe pulmonary hyperten- 
sion due to the intake of the aminorectic drug aminorex 



fumarate (a typical condition of systolic overload). The ECGs 
in these cases were very similar to those studied by Gertsch 
et al [15] in 203 patients with atrial septal defect of the secun- 
dum type (a typical condition of diastolic overload). 

7 Effect of Systolic Pressure in the Right 
Ventricle and Pulmonary Artery on 
the ECG 

A reliable correlation has been confirmed only in excessive ele- 
vation of the systolic pressure in the right ventricle, in pul- 
monary stenosis and in congenital heart disease with 
Eisenmenger syndrome. A single R wave > 20 mm in lead V^ 
indicates a systolic pressure of > 100 mmHg in the right ven- 
tricle [16]. In moderately elevated systolic pressure the relation 
is much less reliable [17]. However, the higher the pressure is, 
the higher the quotient R/S in lead V^ is. In general, severe pul- 
monary hypertension, or a very high RV systolic pressure in 
pulmonary stenosis, results in a single R or qR complex in Vp 
whereas a moderately elevated systolic pressure leads to an RS 
complex or an rSr’ configuration in Vp In atrial septal defects, 
the rare patterns of a qR or an rSr’s’ generally indicate a high- 
er pulmonary arterial pressure than in the presence of the 
usual rSr’ pattern [17]. 
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ECG 6.1 

29y/m. Severe pulmonary valve stenosis (gradient 40 mmHg at rest, 
100 mmHg during exercise with 120 Watt). ECG (paper speed 
50 mm/sec): AQRSp + 130^ Single R wave (5 mm) with preterminal 
slurring in V^. S|/S||/S|n type. 



ECG 6.2 

19y/m. Severe pulmonary valve stenosis (gradient 90 mmHg). 
ECG (paper speed 50 mm/sec): AQRSp + 120Mall single 
R wave (15 mm), ST depression and negative T wave in V^. 
R>SinV2. 
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ECG6J 

10 days/f. Severe pulmonary valve stenosis 
(gradient 60 mmHg). ECG (paper speed 
50 mm/sec): AQRSp + 80°. Tall single R wave 
(13 mm) in V^, R > Sy 2 (V 3 )/ minimal ST depres- 
sion in V^/V 2 . 





ECG 6.4 

43y/f. Severe mitral stenosis with tricuspid 
regurgitation. Mitral valve replacement and tri- 
cuspid De Vega plastique 2 years before. ECG: 
sinus rhythm 116/min. P duration > 200 msec. 
The first peak of the p wave is partially hidden 
within the T wave. AV block 1 °. AQRSp -H 1 1 5°. Qr 
in and V 2 . Alteration of the repolarization. 
Coronary and LV angiography: normal. 
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ECG6.5 

2y/m. Tetralogy of Fallot, unoper- 
ated. ECG (50 mm/sec): QRS right- 
axis deviation. R > S in lead V^. 




ECG 6.6 

51 y/f. Normal heart. ECG: iRBBB 
with r' < r, as a normal variant. 





ECG6J 

49y/f. Atrial septal defect of 
the secundum type (ASD II), left to 
right shunt > 60%. Pulmonary 
artery pressure normal. ECG: 
AQRSf + 105". iRBBB with r' > r,T 
negative up to lead V 5 . 
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ECG 6.8 

26y/m. Tetralogy of Fallot operated 
1 0 years before. ECG: AQRSp (of the 
first 60 msec) + 75°. Direct pattern of 
RBBB in up to V 5 (Vg), with giant 
amplitude of R' in V 2 /V 3 correspon- 
ding to persisting severe RVH con- 
firmed with echocardiogram. 



ECG6J 

27y/m. Huge ventricular septal defect 
with early Eisenmenger reaction at the 
age of 2 years. ECG: QRS right-axis devia- 
tion. Single R wave (30 mm) in V^. 
Positive T wave in all precordial leads. 
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ECGMO ECGMl 

44y/f. Severe mitral stenosis with pulmonary hyperten- 27y/m. Normal heart. S|/S||/S|n type, 

sion. ECG: probable p mitrale (T-P fusion). AQRSp about 
+ 1 10^ Single R wave in (2 mm). 
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ECG6.12 

73y/f. Chronic obstructive pulmonary disease with 
global respiratory failure. Hypertension and pul- 
monary arterial hypertension. RV heart failure. 
ECG (50 mm/sec): sinus rhythm. AQRSp about 
+ 130'’. rS complex in all precordial leads. Thorax 
x-rays: Cor bovinum. No echo. This rare pattern 
may also be seen in smaller hearts. 




ECG 6.11 

63y/m. Severe obstructive pulmonary disease. ECG: 
P wave high in II, aVF and III, negative in aVL. So- 
called 'p pulmonale parenchymale'. 
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ECG6.14 

48y/f. Severe primary pul- 
monary hypertension (sys- 
temic pressure in the pul- 
monary artery). ECG: Giant 
p wave in II (4 mm) and aVF. P 
amplitude in I greater than in 
III. Peaked p wave in and 
V 2 (V 3 to V 5 ). So-called 'p pul- 
monale vasculare'. 
AQRSf-h30‘’(!). 



ECG 6.15 

70y/f. Right and left heart 
failure, probably due to chro- 
nic pulmonary embolism and 
arterial hypertension. ECG: 
atrial fibrillation, f waves not 
visible. AQRSp (first 60 msec) 

+ 75°. Complete RBBB with 
single notched broad R wave 
in V^. Note: Broad S wave in V^. 
Echocardiogram: extensive 
RVH, mild LVH. Marked reduc- 
tion of RV ejection fraction 
and left ventricular EF. 



ECG 6.16 

72y/m. Surgical problem. No pulmonary disease. No 
history of coronary heart disease or hypertension 
(Lenegre disease?). No syncope hitherto. 
Echocardiogram: normal left ventricular function. ECG: 
RBBB + LPFB + AV block 1° (= incomplete trifascicular 
block). RBBB with notched broad R wave in V^. Frontal 
vertical axis of the first 60 msec of QRS. Note slurred R 
downstroke with consequently smaller S wave in lead 
l^g.The notching/slurring in leads lll/aVF are very 
probably due to RBBB and not due to left posterior 
fascicular block. 
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Chapter 7 

Biventricular Hypertrophy 



At a Glance 



The reliable detection of biventricular hypertrophy (BVH) is 
done with the echocardiogram. With the ECG the diagnosis 
can only be made if excessive right ventricular hypertrophy 
(RVH) outweighs left ventricular hypertrophy (LVH). 

ECG 

For decades the following ‘classical’ ECG configurations have 
been proposed for the diagnosis of BVH: 

i. Sy^ + Rv3(or V6) ^ 35 (positive Sokolov index), com- 
bined with a vertical frontal QRS axis (AQRSp > + 90°). The 
index can only be used in patients over 30 years; it has an 
acceptable specificity of 70%-8o% but an extremely low 
sensitivity. 

ii. Sy^ > 7 mm (without RBBB); this sign is also seen in iso- 
lated RVH. 



The Full Picture 



Most ECG indices for isolated /e/f ventricular hypertrophy have 
a high specificity but a low sensitivity and are applicable only 
to individuals over 40 years. Isolated right ventricular hyper- 
trophy is more difficult to diagnose in the ECG because the RV 
vectors are counterbalanced by LV vectors. It is obvious that in 
biventricular hypertrophy the mutual influence of the RV and 
LV vectors, pointing in opposite directions, is fundamentally 
important and inhibits a reliable diagnosis in many (or most?) 



hi. Probably the best sign for BVH is the combination of some 
typical RVH patterns with left atrial enlargement (p dura- 
tion > 120 msec): 

a) S/R > 1 in V^/V^ + left atrial enlargement 

b) Syg > 7 mm + left atrial enlargement (ECG 7.1) 

c) AQRSp > + 90° -H left atrial enlargement (in the presence 
of right bundle-branch block (RBBB) the frontal QRS 
axis is determined on the basis of the first 60 msec of 
QRS). 

These three criteria have a good specificity but a very low sen- 
sitivity. 

In suspected cases of BVH an echocardiogram and other 
diagnostic tests, such as heart catheterization and investiga- 
tions for lung diseases, are necessary to identify the disease, or 
diseases, that lead to BVH. 



cases. RVH must be excessive to influence an ECG that is pri- 
marily dominated by LVH. 

ECG special 

In contrast to the electrocardiographic detection of LVH, 
where new ECG indices are still being described, publications 
about ECG or vectorcardiographic diagnosis of BVH have 
much declined. This proves that for diagnosis and grading 
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BVH, the ECG has definitively been replaced by the echocar- 
diogram and other imaging methods. 

1 Usual ECG Signs for BVH 

The most recent study by Jain et al [i] in 1999 investigated the 
ECGs of 69 patients with BVH, based on two-dimensional 
echocardiographic results. In only 17 of 69 patients (25%) could 
BVH be identified by ECG signs; in 25 (36%) LVH was diag- 
nosed; in 14 (20%) RVH was diagnosed; and in 13 (19%) neither 
LVH nor RVH was diagnosed. 

The most frequent sign for BVH was Sy^/y^ > 7 mm (10 
patients). A ‘Katz-Wachtel sign’ (see section 2.2) was seen in 
four patients. 

In a necropsy study of 323 patients with ventricular hyper- 
trophy, Murphy et al [2] found with the three criteria for BVH 
listed above (S/R > 1 in V^/V^; Sy^ > 7 mm; AQRSp > + 90°, 
all combined with left atrial enlargement) a high specificity of 
94% and a very low sensitivity of 20% for BVH. 

2 other ECG Signs for 3VH 

Occasionally other ECG patterns are seen in BVH. 

2.1 Shallow S^^r Deep S^ 

ECGs 7.2 and 7.3 show an overall high QRS voltage in V^ to V^, 
suggesting LVH. Only the S wave in lead V^ is small (‘shallow’), 
with an amplitude < 4 mm, due to partial canceling of a deep 
S wave (caused by LVH) by opposite vectors produced by addi- 
tional RVH. The difference between the small S in V^ and the 
deep S in V2 ( > 12 mm) is striking. 

2.2 Katz-Wachtel Sign 

The original description by Katz and Wachtel [3] refers to a 
huge biphasic QRS complex (RS or QR) in the leads II, III or I, 



found in children with different congenital heart diseases. 
Later a ‘precordial Katz-Wachtel index’, (R + S)y^ > 40 mm, 
was proposed for detecting BVH in children (ECG 7.4). 

2.3 Special QRS Pattern in Right Bundle- 
Branch Block 

Complete right bundle-branch block (RBBB) (also without 
RVH) reduces the R amplitude in leads V^/V^. In ECG 7.5 the 
high R waves in V^ (V5), in the presence of RBBB favor the 
presence of LVH. The duration of QRS is 160 msec, with a large 
R’ typical for RVH. Moreover, an rsR’ complex is present up to 
lead V^, an unusual finding in LVH without associated RVH. 
The p wave is not only prolonged (140 msec), typical for left 
atrial enlargement, but also peaked in V^/V^, suggesting right 
atrial enlargement. Indeed this 72-year-old patient suffered 
from hypertensive heart disease and from severe pulmonary 
hypertension for 6 years, due to chronic pulmonary embolism. 
The echocardiogram/Doppler revealed dilatation of the right 
atrium and ventricle. The calculated systolic pulmonary artery 
pressure was 82 mmHg, the mass of the dilated left ventricle 
182 g/m^. In several other cases with similar clinical findings, 
only ECG signs for RVH, or LVH, or no signs of ventricular 
hypertrophy were observed. 
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ECG 7.1 

83y/f. $V6 > 7 mm plus left atrial 
enlargement. Combined aortic valve 
disease, severe mitral regurgitation. 
ECG: sinus rhythm. P duration 
120 msec: S in Vg 10 mm. The rS con- 
figuration in to Vg suggests RV 
and/or LV dilatation. Echo: hyper- 
trophic and dilated RV and LV. 
Dilated atria. Thoracic x-rays: cor 
bovinum. 




67y/f. 'Shallow Sy^/deep Sy 2 < Combined rheumatic valve disease, mitral 
valve reconstruction 14 years ago, biventricular heart failure. ECG: sinus 
rhythmO), P duration 160 msec. AQRSp -i- 110** strongly favors RVH.The rel- 
ative deep S wave in lead V 2 (in the presence of a shallow S wave in V^) and 
the relative high R waves in Vg/Vg suggest LVH.The repolarization is consis- 
tent with hypokalemia. Potassium (K+) 3.1 mmol/l. Echo/Doppler: severe LV 
and RV hypertrophy and dilatation, severely impaired function of both 
ventricles. Left and right atria dilated. Moderate mitral stenosis, severe 
mitral and tricuspid regurgitation. 
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ECG 73 

73y/m/Shallow Sv^/deep Sy 2 * 
Combined aortic and mitral valve 
disease. Sinus rhythm, p duration 
120 msec.AQRSF + 110 °. 

Sy^ = 3.5 mm, Sy 2 = 14 mm. 
Negative T waves in to V 4 . 
Echo: BVH and dilatation. 




ECG 7,4 

27y/m.'Katz-Wachtel sign', false positive. 
Hypertrophic left ventricular cardiomyopathy, 
asthenic habitus. ECG: (R + S)y 2 = 60 mm. 

R + Sy 3 = 32 mm. No S wave in Vg. Echo: LV mass 
182 g/m 2 . RV normal. 
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ECG7.5 

72y/m. BVH and RBBB. For clinical diag- 
noses and explanation of the ECG see 
text. 
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Chapter 8 

Pulmonary Embolism 



At a Glance 



Acute pulmonary embolism (acPE), limited to the first 48 hours 
of the disease, is a very dangerous situation with considerable 
mortality, often because of misdiagnosis.lt is therefore necess- 
ary to establish the diagnosis and to begin therapy within the 
shortest possible time. The fastest and most reliable methods 
are the echocardiogram and helical (spiral) computerized 
tomography (CT), combined with plasma D-dimer measure- 
ment. With this approach (diagnostic accuracy in about 95%) 
pulmonary artery angiography can be avoided in most cases. 
A positive result of lower-limb venous compression ultrasono- 
graphy is useful for the diagnosis, especially in subacute PE 
(subacPE) with symptoms lasting for more than 48 h. A lung 
scan is only diagnostic in about 50%y but is helpful for diag- 
nosis of subsegmental embolization. The ECG is unreliable for 
the diagnosis of acPE, yet it may reveal the first hint of right 
ventricular overload. 

ECG 

In acPE the acute rise of pulmonary artery resistance and pul- 
monary arterial pressure leads to dilatation (not to hypertro- 
phy) of the right ventricle (RV) and often of the right atrium. 
As a consequence, a number of ECG alterations may be present. 

1 ECG Alterations 

1 .1 Alterations of QRS 

i. Shift of the frontal QRS axis (AQRSp) to the right, often 
with a Sj/Qiii (condition Sj > 1.5 mm; Qjjj > 1.5 mm) or 

Sj/rSr’jii. 

ii. Rotation of the heart in its horizontal axis (also provoked 
by right ventricular (RV) dilatation), leading to clockwise 
displacement of the transition zone (QRS clockwise rota- 



tion) in the precordial leads. If QRS counterclockwise rota- 
tion is encountered, it is due to pre-existing RV hypertrophy 
or due to other reasons. 

iii. RV conduction disturbance: incomplete (or, rarely, com- 
plete) right bundle-branch block (iRBBB), with rSr’ com- 
plex (or rsR’ complex in complete RBBB) in lead Vj. A QR 
complex (Qr) in lead V^ is seen in about 10%, especially in 
massive pulmonary embolism (> 80% obstruction of the 
pulmonary arteries). 

1 .2 Alterations of Repolarization 

i. T negativity in III and aVF 

ii. T negativity in V^/V^, also without incomplete RBBB or 
RBBB 

iii. ST depression in leads V^ to V^, or ST elevation in leads Vj 
and III 

iv. ST or T alterations in the left precordial leads (rare). 

1.3 Rhythm Disturbances 

Sinus tachycardia is by far the most frequent ECG abnormality 
in acPE, occurring in 70%-8o%. Atrial flutter occurs in 
5%-io%, whereas atrial fibrillation is rare. 

1 A Alterations of the P Wave 

Relatively high and peaked p waves may be seen in some leads, 
especially in II and V^. The definition of this alteration (also 
described as ‘p pulmonale vasculare’) is a conundrum and so is 
its prevalence. The classical ‘p pulmonale’ (‘p pulmonale 
parenchymale’ with an amplitude > 2.5 mm in lead II, and 
purely negative in aVL) is seen only exceptionally. Possible 
ECG signs in acPE are listed in Table 8.1. 
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Table 8.1 

Possible ECG signs in acute pulmonary embolism 



1 Prevalence* I 


Sinus tachycardia (rate ^ 100/min) 


70% 


Sinus rhythm (rate ^ 90%) 


80% 


S|/Q[|| typ« ot S|/rSr'||| type 


40% 


Sj/Q[|| or S|/rSr'|,| + negative! in III and aVF 


25% 


Incomplete right bundle-branch block (rSr'or QR in V|) 40% 


7%(l)-60% 


QRS clockwise rotation in precordial leads 


35% 


AQRSf shift to the right up to ^ + 60“ at the age > 30 years 


30% 


T negativity in leads and 


30% 


Right atrial enlargement (atypicarp pulmonale") 


10%? 


Atrial flutter 


S% 


Complete right bundle- branch block 


3% 



*For more details and results from the literature see Table 8.2. 



It should be emphasized that eventual ECG signs due to 
acPE are transitory (reversible) in successfully treated patients. 
The combination of several different ECG signs of ventricular 
overload are helpful (although still insufficient) for the diag- 
nosis of acPE. ECGs 8.1-8. 6 were registered in patients with 
severely symptomatic massive acPE at admission to the emer- 
gency unit of our hospital during the winter of 2001. AcPE was 
proven by helical CT (and echocardiogram). 

Only three patients showed five current ECG signs of RV 
overload, three showed only one to three signs. Only three 
patients suffered from sinus tachycardia, however five had 
sinus rates of > 90/min. Five patients recovered with throm- 
bolysis; one young woman (the patient in ECG 8.6) admitted 
2 weeks after giving birth, died despite thrombolysis and sur- 
gical thrombectomy. 

Some general comments apply to the findings in 
ECGs 8.1-8.6: 

a) all patients were women, but the female/male ratio in acPE 
is about 3:2 

b) all patients suffered from massive life-threatening acPE 
with corresponding symptoms (tachypnea, severe dyspnea 
at rest, hemoptysis in four cases) and clinical findings (pre- 
shock, distended jugular veins, fast heart rate in five 
patients, cyanosis in four). 

These examples and the literature support the general opinion 
that the ECG is unreliable for the diagnosis of acPE, due to its 
modest specificity and low sensitivity. Therefore, the ECG 
should not be used as a diagnostic method. In too many 



patients pre-existing ECG alterations may be (falsely) sugges- 
tive for acPE and, much worse, the ECG may lack any sign of 
RV overload even in patients with massive acPE. Moreover, it is 
often impossible to differentiate between ‘signs of RV overload’ 
and normal variants (Chapter 3 The Normal ECG and its 
Normal Variants). 

2 Value of ECG in Suspected Acute PE 

If the ECG is unreliable for the diagnosis of PE, then where, if 
indeed anywhere, is its place in suspected acPE? 

2.1 Differentiation of AMI from Acute PE 

As every physician knows, the diagnosis of acPE based on 
symptoms (and anamnestic findings) is not always easy to 
make. Often acute myocardial infarction (AMI) has to be 
excluded. In inferior AMI a striking ST elevation is generally 
seen in leads III, aVF and II. An older inferior infarction shows 
not only pathologic Q waves in III and aVF, but also a Q (q) 
wave in II. In contrast, a Q (q) wave in lead II is extremely rare 
in acute RV overload. AMI of other localizations may be 
detected by the usual criteria. 

2.2 Analysis of Heart Rhythm and 
Conduction Disturbances 

Only with the ECG can arrhythmias and conduction distur- 
bances be diagnosed reliably. 

23 ECG Signs of Acute RV Overload 

In the presence of ECG signs suggesting acute RV overload, the 
possibility of acute PE (or subacute PE if symptoms last more 
than 48 h) should be considered. Patients with acute PE, espe- 
cially those with the subacute form, may have a history that is 
a conundrum, with puzzling symptoms. We have seen many 
patients where multiple ECG signs of RV overload gave the first 
clue for the diagnosis of pulmonary embolism. This happened 
more often in subacute than in acute PE. It should also be men- 
tioned that only a few hospitals worldwide have access at all 
times to spiral CT or to experienced specialists in echo/Dop- 
pler. Under these circumstances, the ECG may be helpful for 
the diagnosis of acPE, in combination with the history, symp- 
toms, and other clinical findings. 
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2,4 Control of Clinical Evolution 

Is the EGG useful for controlling clinical evolution? The regres- 
sion of EGG signs of RV overload (if present in acute or suba- 
cute PE) may be a useful bystander sign for a favorable clinical 
follow-up. However there is no strict time correlation between 
the objective findings (e.g. in the echo) and the EGG. EGG alter- 
ations may regress sooner or persist longer than expected. 



The Full Picture 



ECG Special 

3 Prevalence of ECG Signs 
Suggesting PE 

The value of the Sj/Qjjj type (or Sj/Qjjj/Tjjj type) was first rec- 
ognized by McGinn and White [i] in 1935 and is therefore 
called McGinn- White type. This accounts for about 30% of 
cases. In some cases a small r wave precedes the negative deflec- 
tion in lead III. Thus a Sj/rsr’jjj type is present. Rarely, the neg- 
ative deflection in III is lacking. In this case an Sj/Rjjj type may 
reflect acute RV overload. A QR type in lead instead of the 
more common rSr’ type, was described by Weber and Phillips 
[2] who found this sign in 10 out of 60 patients with acute PE. 
A QR configuration (in most cases a Qr) in lead is an omi- 
nous sign and generally occurs in massive and life-threatening 
acPE with extensive right ventricular and atrial enlargement. 

Early publications, such as that by Gutforth and Oram [3] 
from 1958, revealed an astonishingly high number of EGG signs 
suggesting RV overload in patients with acute (and subacute) 
PE, especially in cases which had a lethal outcome. In later 
studies the contribution of the EGG to the diagnosis of acPE 
was considered modest. Stein et al [4] studied 90 patients with 
massive or submassive acPE documented by pulmonary artery 
angiography, and found the most frequent sign was T negativ- 
ity in the precordial and limb leads (42%), but an RBBB or 
iRBBB, a right-axis deviation, or an Sj/Qjjj type in only 
6 %-i 2%. The authors noticed that after recovery the T alter- 
ations persisted markedly longer than the QRS abnormalities. 
Szucs et al [5] used a similar cohort of 50 patients and found a 
frontal QRS right axis shift in 15% and an iRBBB in 8%. Sutton 
et al [6] detected in 35 patients with massive acPE an RBBB in 



IS Subacute and Chronic repetitive PE 

As suggested above, the EGG is more useful in patients with 
subacute PE (after 48 h), although not with sufficient diagnos- 
tic accuracy. In chronic repetitive PE, RV hypertrophy develops. 



26% and an Sj/Qjjj type in 52%, combined with T inversion in 
26%. By far the most frequent EGG abnormality in all studies 
was sinus tachycardia, in 70%-90% (partially defined as a 
sinus rhythm at a rate of > 90/min). 

The prevalence of the different EGG alterations possible in 
acPE varies greatly in the published studies (Table 8.2). The 
reasons probably stem from the relatively small cohorts of 
patients studied, the differences in grade of PE, the use of dif- 



TableS.2 

Prevalence of possible ECG signs in acute pulmonary embolism 



1 Our experience 


Literature I 


Sinus tachycardia (rate ^ 100/min) 


70% 


70%-90% 


Sinus rhythm (rate ^ 90/min) 


80% 


70%-90% 


S,/Qii, type or S/i5r'„| type 


40% 


10%(!)“60% 


S,/Q|l|OrS|/rSr'||| 


25% 


n%-40% 


plus T negativity in III and aVF 






Incomplete right bundle-branch block 


40% 


7%(!)-60% 


(rSr'or QrinV^) 






QRS clockwise rotation in precord ia I leads 


35% 


13%-40% 


AQRSf shift to the right up to > + 60° 


30% 


15%-50% 


(age > 30 years) 






T negativity in leads Vj and 


30% 


10%-40% 


Right atrial enlargement (p pulmonale) 


5%? 


2%-20%(!) 


Atrial flutter 


5% 


2%-30%(!) 


ST depression (> 1 mmj in to or 


7 


- 


ST elevation [> 1 mm) in V., or III 


10% 


- 


Peripheral low voltage 


5% 


- 


Complete right bundle-branch block 


3% 


- 


Atrial fibrillation 


2%-3% 


- 


Isolated! negativity in left precordial leads 


1%-2% 


- 
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ferent ‘gold standards’, and because of mixed patient groups of 
those with acute and subacute PE. 

A completely normal ECG (besides sinus tachycardia) in acute 
PE is not rare. Differentiating between pathologic and normal is 
often impossible, because most direct and indirect ECG signs of 
acute RV overload are also seen in normal individuals. Sometimes 
other misleading signs, including sinus bradycardia, isolated left 
precordial ST/T abnormalities, or AV block i°, may arise as the 
only ECG manifestations of acute PE. Moreover, in pre-existing 
ECG abnormalities, like those seen in severe left ventricular 
hypertrophy, bundle-branch block, and myocardial infarction, 
signs of RV overload are only exceptionally detectable. 

Overall, the incidence of ECG signs of RV overload depends 
more on the extent of pulmonary artery occlusion than on the 
sum of ECG registrations. In massive acute PE multiple signs of 
acute RV overload may be observed (ECGs 8.1, 8.2 and 8.6). 

4 ECG Signs and Grade of Acute PE 

Two recent publications deal with the relation between ECG 
signs and severity of acute PE. Kucher et al [7] found in 70 
acute PE patients (confirmed by echo/Doppler and proved by 
spiral CT) a QR (Qr) complex in lead (n=i2) correlated best 
with RV pressure overload and high pulmonary artery occlu- 
sion rate (> 80%), with a specificity of 100% and sensitivity of 
28%. Furthermore, ST elevation in V^ and T negativity in V^/V^ 
were good predictors of massive acute PE. Daniel et al [8] 
established an ECG point-scoring system with 22 ECG signs 
and a maximum possible score of 21 points. T negativity in V^ 
to V4 scored highest with 4 points. A score of > 10 was inter- 
preted as highly suggestive for severe pulmonary hypertension 
by PE. These results can be improved by some modifications, in 
the opinion of Daniel et al. In our opinion, the rather complex 
method leads to useful bystander ECG results in less urgent 
cases. In other patients with acute PE there is no place (and no 
time) for any point-score index, whether it refers to the ECG or 
to the echo (see Short Story/Case Report 1). 

5 Practical Procedures in Suspected 
Acute PE 

Fortunately, the prognosis of even massive acute (and suba- 
cute) PE has improved considerably in many hospitals over the 
last few years, due to time-saving diagnostic methods (echo- 
cardiogram, D-dimer, and helical CT) and early therapy (espe- 
cially thrombolysis). The following list summarizes the stan- 
dard emergency procedures: 



i. history (chronic disease, recent operation, long journey in 
car or airplane) 

ii. symptoms (tachypnea, dyspnea at rest, hemoptysis) 

iii. clinical examination (heart rate, blood pressure, inspection 
of jugular veins, and auscultation of the lung) 

iv. routine laboratory exams including D-dimer 
V. echo/Doppler and ECG 

vi. in case of ‘positive echo’ (and positive D-dimer) give imme- 
diate therapy with thrombolytic agents 

vii. spiral CT (if available) to prove and quantify pulmonary 
artery obstruction, with a back-up reanimation team. When 
spiral CT is negative, a lung scan may detect subsegemen- 
tary PE; when spiral CT is positive, transfer the patient to 
the intensive care unit. 

The Short Story/Case Report illustrates how in dramatic cases 
of suspected acute PE there may not even be time to implement 
these standard emergency procedures. 

Short Story/Case Report 1 

In October 2000 a 61-year-old man was admitted to the 
emergency department of our hospital because of sudden 
onset of severe dyspnea and sy ncope 5 h before. Rapid clini- 
cal examination revealed a life-threatening condition as 
shown by shock (systolic blood pressure 70/40 mm Hg^ heart 
rate 135/min), breathing frequency of 50/min^ and cyanosis 
and thick neck veins. The patient was not able to give further 
information. Emergency transthoracic echocardiography 
revealed severe RV and RA dilatation. The LV showed sub- 
normal contraction. The ECG (ECG 8.7) was interpreted as 
suspicious for acute RV overload. However, the lack of Q in 
in and a QR complex in Vj as well as a QS complex in 
together with slight ST elevation, caused some confusion 
(anteroseptal AMI?). Fifteen minutes after admission, 
echocardiographically confirmed electromechanical disso- 
ciation (EMD) occurred, and vigorous cardiopulmonary 
resuscitation (CPR) was performed immediately. At the 
same time, two intravenous bolus injections of 15 mg 
alteplase were given, followed by infusion of 70 mg within 
60 min, while CPR was continued. Spontaneous carotid 
pulses were observed 25 min later, and the patient’s hemo- 
dynamics recovered with support from catecholamines. 
Emergency spiral CT revealed more than 80% occlusion of 
the proximal pulmonary arteries. The patient was trans- 
ferred to the intensive care unit. Three hours after successful 
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CPR and thrombolysis, the patient developed hemorrhagic 
shock due to liver and spleen rupture as a consequence of 
prolonged mechanical chest compression, and abdominal 
blood pooling due to severely impaired RV function. After 
emergency splenectomy and liver revision, the patient's 
hemodynamics stabilized 14 h after admission* Ten days 
after successful treatment of acute centra! PE there were no 
signs of RV overload as shown by normalization of the 
echocardiogram and the ECG, 

In conclusion, the patient was saved because of typical 
clinical symptoms and echo (and ECG) findings that were 
strongly suggesting massive acute PE, and because resusci- 
tation and rapid thrombolysis were applied quickly* The 
patient was also lucky to survive a severe complication. The 
origin of the disease that caused development (without 
symptoms) of deep lower-limb vein thrombosis remained 
unclear. Retrospective detailed analysis of the admission 
ECG revealed, besides sinus tachycardia, at least six signs of 
acute RV overload (ECG 8.7). The QR and QS complexes in 
(together with slight ST elevation) proved to be omi- 
nous signs of extreme RV and RA dilatation and were not 
due to anteroseptal AMI. 

6 ECG in Subacute PE 

As mentioned previously, the ECG is unreliable and may be 
misleading in the diagnosis of acute PE (PE that is diagnosed 
within 48 h of the onset of symptoms). However, only about 
half of patients enter the hospital with severe acute symptoms, 
within 48 h of the beginning of symptoms, or die suddenly 
(postmortem diagnosis). The other half are hospitalized with 
relevant symptoms days or even weeks after the first symp- 
toms, and these are only connected with PE retrospectively. 

It also seems reasonable, therefore, to consider the value of 
ECGs in diagnosis of subacute PE. In a recent publication, 
Sreeram et al [9] investigated 49 patients with proven PE (aged 
44-88 years) with acute or aggravated symptoms (dyspnea, 
chest pain, palpitations, collapse requiring resuscitation). Of 
these patients, 13 showed symptoms for < 3 h and up to 48 h 
(acute PE), and 36 showed symptoms for 2-7 days (subacute 
PE). If three ECG signs out of seven suggesting acute RV over- 
load were present, PE was correctly presumed in 37 patients 
(78%). The seven signs are: 

i. incomplete or complete RBBB, often with ST elevation in Vj 

ii. S wave in I and aVL > 1.5 mm 



iii. shift of the transition zone to V^ 

iv. Q waves in III and aVF, but not in II 

v. frontal QRS right-axis deviation or intermediate axis 

vi. peripheral QRS low voltage (a ‘new’ sign suggested by 
Sreeram et al [9] present in 21%!) 

vii. T wave inversion in III and aVF, or in Vj to V^. 

Twelve patients had normal ECGs at admission, but serial ECGs 
revealed diagnostic signs in three. Yet in this situation the ECG 
was definitively less valuable than the echo/Doppler that showed 
increased end-diastolic RV dimension, increased RV systolic 
pressure, and tricuspid valve regurgitation in 100% of the 
patients, at admission. In a prospective study with 246 patients 
suspected of having PE (49 of them with definitive PE), Rodger 
et al [10] could not confirm the results of Sreeram et al [9]. The 
diagnosis was made or excluded by ventilation perfusion 
scans. Out of 28 studied ECG signs, only incomplete RBBB and 
‘tachycardia’ were statistically more frequent in patients with 
PE than in patients without PE. The great discrepancy between 
the results of the studies by Sreeram [9] and Rodger [10] may 
be explained by a) different severity of the disease (probably 
less in the Rodger cohort); b) different stages of PE; and c) dif- 
ferent ‘gold standards’ (echo/Doppler versus ventilation perfu- 
sion scan). Moreover, it is striking that in the Rodger publica- 
tion, the prevalence of a ‘late R’ in lead aVR (quite a common 
pattern in normal ECGs and in patients with PE) was zero. 

In summary, the ECG may be slightly more helpful for diag- 
nosis (suspicion) of subacute PE than it is for acute PE. 
However, in suspected subacute PE, the use of echo/Doppler is 
indispensable as a fast, reliable and cheap method. 

7 Historical Perspective 

Let US not underestimate the ‘old’ clinical physicians. In 1966, 
the aforementioned Weber and Phillips [2] investigated 60 
patients with massive acute PE, and diagnosed 37 cases on clin- 
ical findings only. They found a QR complex in lead Vj in 10 
patients (16.6%). In 2003, Kucher et al [7] studied 71 patients 
with acute PE, controlled by echo/Doppler and D-dimer, and 
proved by spiral CT. They described the same ECG sign, a QR 
(Qr) complex in Vj, in 14 patients (19.7%). Thus, the results 
elaborated by the two groups are nearly identical, clearly show- 
ing that these ‘old’ physicians were able to reliably diagnose 
massive acute PE without the benefits of a modern armamen- 
tarium. And, by the way, Weber and Phillips [2] reported an 
astonishingly high incidence of (intermittent) atrial flutter 
(30%), and sinus tachycardia in only 48%. 
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ECG8.1 

53 y/f. Sinus rhythm, rate 93/min. Peaked p waves inferiorly 
and in (rare finding). AQRSp + 140% peripheral QRS low 
voltage. S|, but no Qm. iRBBB. Excessive clockwise rotation in 
the precordial leads, rS up to V 5 . No negative T waves in the 
right or other precordial leads »> 5 possible signs of acute 
RV overload. 



ECG8,2 

69 y/f. Sinus tachycardia 126/min, normal p. 
AQRSp +140% near QRS low voltage. S|, but no 
Qll|. iRBBB. Marked clockwise rotation. Negative 
T waves up to V 4 »> 5 signs. 
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Chapter 8 ECCs 











aVR 



aVL 





V6 

wS! 






ECG 8.3 

43 y/f. Sinus rhythm, 92/min, normal p. AQRSp +80°. 
S|/Qiii type. Pseudo-iRBBB. No clockwise rotation, no T 
negativity in precordial leads »> 2 signs. 



ECG 8.4 

45 y/f. Sinus tachycardia 126/min. Peaked p 
waves in V 2 . AQRSp +40°. Discreet S|/rsr'in type. 
Near QRS low voltage. No clockwise rotation, no 
T negativity »> 3 signs. 
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ECG 8.S 

53 y/f. SR 79/min, normal p. AQRSp about +40°. S|/rSr'|n type. Slight 
clockwise rotation. No T negativity »> 1 sign. 



to lam/ffiU 




ECG 8.6 

34 y/f. Sinus tachycardia 104/mln, negative p wave In 
as a sign of left atrial overload. AQRSp +75°. S|/Q|n type. 
IRBBB with Qr In V^. Clockwise rotation. Slight ST eleva- 
tion In Vi (and Vj/Vj). ST depression In Vj/Vg. No negative 
T waves »> 5 signs. 
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ECG 8J 

Short Story/Case Report 1.60 y/m. ECG: sinus tachycardia, 120/min. 
Peaked p waves in ll/aVF. AQRSp + 100°. S|/RS|n type (in this case 
equivalent to S|/Q|n type, due to extreme rotation of the heart). Qr 
complex in V<| (and QS complex in V 2 ). Clockwise rotation in precor- 
dial leads. ST elevation of 0.5-1 .0 mm in V^/V 2 .T negativity in V 2 
»> at least 7 signs. 
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Chapter 9 

Fascicular Blocks 



At a Glance 



The concept of fascicular blocks is based on the predominant- 
ly tr/fasc/cu/ar infrahisarian ventricular conduction system, the 
right bundle branch on one side, and the left anterior and left 
posterior fascicle (forming the left bundle branch) on the other. 
The expression Tascicular block' is a synonym of the older ex- 
pression 'hemiblocld In some patients fascicular blocks pro- 
gress to bifascicular/bilateral blocks and then to complete 
atrioventricular (AV) block. Thus they represent potential pre- 
cursors of complete infrahissian AV block, which is generally 
associated with syncope and increased mortality. 

Etiology and Prevalence 

Left anterior fascicular block (LAFB) and left posterior fascic- 
ular block (LPFB) are both left (mono-)fascicular blocks but 
differ very much in their prevalence, their etiology, and their 
correct diagnosis. The etiology is manifold, including left ven- 
tricular hypertrophy, coronary heart disease (CHD) with or 
without myocardial infarction (MI), fibrosis of the infrahisari- 
an conduction system (Lenegre disease), and others. 

In a general population LAFB does not generally develop 
before the age of 40 years; it is found in 4%-6% at 60 years, and 
up to 10% at 80 years. Occasionally, LAFB completely masks an 
inferior or anterior infarction. 

LPFB is very rare in middle-aged patients of medical and 
cardiology departments (0.15% and 0.3% respectively) and is 
even rarer in a general population. However, the diagnosis is 
important because LPFB is combined with inferior MI in over 
90% of patients. In inferior MI, LPFB is found in 6% of patients 
and often masks the classical infarction signs. 



EC<i 

If we assume a mean normal QRS duration of 0.09 sec, the QRS 
duration in LAFB and in LPFB is prolonged to 0.10-0.11 sec, 
without left ventricular hypertrophy. 

1 Left Anterior Fascicular Block 

LAFB is easy to diagnose (ECGs 9. 1-9.3). The first main charac- 
teristic of LAFB is a QRS left-axis deviation in the frontal leads, 
with a frontal QRS axis (AQRSp) between - 30° and - 90°. A 
small q wave in I and aVL may be present. In leads I and aVL a 
slurred R downstroke is often found. The T wave is positive and 
asymmetric in the inferior leads III, aVF, and II, negative in 
aVR and variable in I and aVL (positive, flat, negative). 

The second main characteristic of LAFB (often forgotten in 
the literature) is a smooth or absent transition zone of QRS in 
the horizontal leads with an RS configuration in all precordial 
leads. Generally there is an rS complex (R smaller than S) in Vj 
to Vg. In some cases R and S have about the same amplitude in 
V2/V3 and/or to V^, and very rarely R is higher than S in 
V^/Vj. The T wave is positive and asymmetric in to Vg. 

2 Left Posterior Fascicular Block 

LPFB is difficult to diagnose because only minor alterations 
may allow the differentiation from a normal variant with verti- 
cal AQRSp. 

LPFB is commonly associated with inferior infarction and, 
in this condition, is characterized by a frontal QRS axis between 
+ 50° and + 80°, by a q wave of variable duration in III and aVF, 
and variable T waves in the same leads. Generally there is a 
slurred R downstroke in leads III and aVF. The alterations in 
the precordial leads are minimal but they do have diagnostic 
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value. In most cases we also find a slurred R downstroke in V^, 
there is no s wave or only a minimal s wave in this lead. 

LPFB masks the pattern of old inferior infarction partially 
or completely. 

The difference is obvious between the ECG patterns of an 
old inferior MI without LPFB and an old inferior MI associat- 
ed with LPFB. Instead of the typical loss of QRS vectors result- 
ing in pathologic Q waves (> 0.04 sec) or QS waves in leads III 
and aVF (II), often with negative and symmetric T waves 
(ECG 9.4), we find tall R waves in these leads with small or only 
slightly enlarged or absent Q waves, combined with negative, 
flat, or positive T waves (ECGs 9.5 and 9.6). 

The extremely rare LPFB without inferior infarction shows 
the pattern mentioned above with small q waves and even 



The Full Picture 



The concept of left (and right!) fascicular blocks was described 
in 1917 by Rothberger and Winterberg [1] in a fascinating pub- 
lication of 63 pages, based on animal experiments. The typical 
ECG patterns were demonstrated in the limb leads only, 
because the precordial leads were introduced by Wilson only in 
1944. However, their publication [1] from Vienna was forgotten, 
and for decades fascicular block-like patterns were interpreted 
as ‘peri-infarction blocks’. Moreover, the clinical significance of 
these intraventricular conduction disturbances was not known 
at that time. In 1956 Grant [2] described a conduction block in 
the superior division of the left bundle branch as a cause of 
left-axis deviation, and in 1968 Rosenbaum et al reintroduced 
the concept of fascicular blocks in his famous book Los Hemi- 
bloqueos, published in English 2 years later [3]. At about the 
same time, fascicular blocks and bilateral/bifascicular blocks 
were recognized as potential precursors of acquired complete 
atrioventricular blocks, and cardiac pacemakers as adequate 
therapy were available. Thus the exact identification of fascic- 
ular blocks represents one of the most important progresses in 
electrocardiography in recent decades. 

3 Intraventricular Conduction System 
Anatomy 

In around 50% of dog hearts, as well as human hearts, the 
intraventricular conduction system is trifascicular, consisting 



greater R waves in the inferior leads, leading to AQRSp between 
+ 80° and + 120°. 

The pattern of LPFB (also in its common combination with 
inferior infarction) may easily be confounded by other condi- 
tions with an AQRSp between + 50° and + 80° (or even -h 120°), 
for example in a normal ECG in young individuals (especially 
with asthenic habitus) (ECG 9.7), or right ventricular hypertro- 
phy (RVH) or extensive anterior (anterolateral) infarction. All 
these conditions represent exclusion criteria for the diagnosis 
of LPFB. For correct diagnosis, the QRS duration, the fine alter- 
ations described above, and a history of (inferior) MI must be 
considered. In cases of doubt an inferior infarction can be con- 
firmed or excluded by echocardiography. 



of the right bundle branch and the left anterior and left poste- 
rior fascicle (Figure 9.1a). In the remaining 50% an additional 
medial fascicle is found in the left ventricle (Figure 9.1b), and 
more rarely multiple fascicles are found (Figure 9.1c). 
Therefore, the expression ‘fascicular block’ seems more ade- 
quate than the expression ‘hemiblock’. These variations may 
also explain the diagnostic difficulties experienced in some 
cases. 

The left posterior fascicle is the most voluminous one, and 
which leaves the His bundle first and separately. Thereafter, the 
His bundle is divided into the right bundle branch and into the 
left anterior fascicle (or into two or more fascicles). In general, 
in diseases of the intraventricular conduction system, the fas- 
cicles are affected in their most proximal parts within the sur- 
rounding tissue of the end of the His bundle. To a certain 
degree this explains why the somewhat isolated left posterior 
fascicle is more resistant to diseases than the other fascicles. 
Additionally, the posterior fascicle has a dual supply of blood 
from the left and right coronary arteries [4]. 

4 Etiology of Fascicular Blocks 

4, 1 Etiology of LAFB 

Early epidemiological studies of middle-aged patients with 
left-axis deviation or later studies about LAFB, suggest that 
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Figure 9,1a 

Trifascicular ventricular conduction system 




Figure 9,113 

Quadrifascicular ventricular conduction system 




Figure 9.1c 

Plurifascicular ventricular conduction system 



40%-6 o % of these patients suffer from, in order: CHD, hyper- 
tensive heart disease, or diabetes [5-7]. Patients with fibrosis of 
the intraventricular conduction system without CHD, known 
as Lenegre disease [8], are responsible for another io%-20%, 
and are not included in this number. Chronic CHD is found in 
about 30% of LAFB cases. However, in acute MI, isolated LAFB 
appears extremely rarely. Of 480 patients with acute myocar- 



dial infarction, LAFB developed in only one patient; in 19 
patients LAFB was pre-existing [9]. Rare conditions for the 
development of LAFB are dilating cardiomyopathy, myocardi- 
tis, collagenous and neuromuscular disease, and hyperkalemia 
[6,7]. Intermittent LAFB during coronary angiography is very 
rare. After heart valve operations, especially aortic valve 
replacement, isolated fascicular blocks are extremely rare, 
while bilateral bifascicular blocks and complete AV blocks are 
seen in 2%-4%. During operations, unintentional damage may 
occur to the His bundle, or to the fascicles that run down the 
His bundle very close to each other. The very rare pattern of 
left-axis deviation in acute pulmonary embolism probably 
does not always correspond to true LAFB. It may be explained 
by right anterior fascicular block (see section 7.3 below). The 
common pattern of left-axis deviation in endocardial cushion 
defects, especially atrial septal defects of the ‘ostium primum’ 
type (‘ASD T) and AV canal defects, are not due to true con- 
duction blocks but due to anomalies of the conduction system 
(interruption or absence of the left anterior fascicle). In these 
cases a slurred R downstroke in leads I and aVL, often seen in 
LAFB, is never observed. Also in some congenital heart dis- 
eases, such as tricuspid atresia, single ventricle and corrected 
transposition, left-axis deviation is rarely detected. In child- 
hood (or later) congenital left-axis deviation may be present 
without congenital heart disease [10], perhaps caused by a 
minimal endocardial cushion defect involving only the left 
anterior fascicle. Some cardiologists call this an ‘electric ASD V. 

421 Etiology of LPFB 

Isolated LPFB is associated with inferior myocardial infarction 
in most cases. Other very rare etiologies such as Lenegre dis- 
ease, hypertension, aortic valve disease, cardiomyopathy, aortic 
dissection type A, angiography of the right coronary artery, 
and others, have been described, mostly in case reports (see 6.2 
Special Remarks). 

ECG Special 

5 Left Anterior Fascicular Block 

5.1 Vectors and the ECG 

In conduction blocks within the left anterior fascicle, a part of 
the septum and the inferoposterior left ventricular wall are 
activated first, over the posterior fascicle, thus leading to a vec- 
tor pointing inferiorly (>>> small r wave in the inferior limb 
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leads). An abrupt change of the direction of the vector occurs 
very early, about 20 msec after the beginning of QRS. This is 
due to a great vector produced by excitation along the 
myocardium of the lateral and high lateral wall, directed 
upwards and to the left. This great vector completely masks the 
vectors pointing inferiorly during activation of the inferior 
wall. In the EGG we find a frontal QRS left- axis deviation with 
a deep S wave and an rS type in the leads III, aVF, and II. The 
vectorcardiogram shows a counterclockwise QRS loop in the 
frontal plane (Figure 9.2a). The delayed activation of the later- 
al wall of the left ventricle leads to a broadening of QRS by 
15-20 msec and often to a slurred R downstroke in leads I and 
aVL. In the horizontal plane the QRS vector loop (also coun- 
terclockwise) shows many variations and may be oriented 
more or less anteriorly (at the beginning), to the left and back- 
wards (middle to late vectors), and to the right (last vectors) 
(Figure 9.2b). This explains the RS complex with its varying 
amplitudes of the R and S waves in the different precordial 
leads. A frequent pattern is an rS complex in all precordial 
leads. Often the R and S wave have about the same amplitude 
in the lateral leads (EGG 9.8). 




inferior 



52 Variants 

In general, LAFB is characterized by an rS complex in all hori- 
zontal leads. In some cases, with or without left ventricular 
hypertrophy, the R wave may be tall and more or less equal to 
the S wave in lead (EGG 9.9). In other cases (in about 10%) 
a small q wave is found in leads and [11], as shown in 
EGG 9.10. This may be due to a short initial orientation of the 
QRS vector backwards (mimicking anteroseptal infarction) or 
due to real anteroseptal infarction. Other documented cases 
prove that on rare occasions LAFB may completely mask 
anteroseptal, anterior or inferior infarctions. In the latter case, 
the LAFB pattern predominates the frontal leads - there is an 
rS wave in III and aVF, with positive asymmetric T waves. 

Left ventricular hypertrophy associated with LAFB does not 
produce q waves in the lateral leads and (for the diagno- 
sis of left ventricular hypertrophy in LAFB see Ghapter 5). It is 
believed that left ventricular hypertrophy itself may result in 
left-axis deviation, without LAFB (EGG 9.11). In these cases we 
find distinct q waves and tall R waves in and V^. The diag- 
nosis of LAFB with borderline left-axis deviation or of incom- 
plete LAFB is arbitrary. 

Overall LAFB is responsible for about 85% of left-axis devi- 
ations. The most important differential diagnosis is old inferi- 
or MI, showing broad Q waves or a QS complex in III and aVF, 



Figure 9.2a 

Frontal QRS vector loop In left anterior fascicular block (LAFB) 



posterior 




anterior 



Figure 9.2h 

Horizontal QRS vector loop in left anterior fascicular block (LAFB) 

in many cases associated with negative and symmetric 
T waves. Those may also be flat or positive in older infarctions. 



108 



positive also as a result of mirror image, due to left ventricular 
overload. 

53 Prognosis 

The prognosis of isolated LAFB is generally good, in consider- 
ation of the underlying cardiac disease. LAFB develops to a 
bilateral block or even complete AV block (Chapter ii Bilateral 
Blocks) only in a small percentage and this process generally 
lasts decades. In exceptional cases LAFB (as isolated RBBB or 
LBBB) may be combined with syncope. Histopathologic stud- 
ies [12,13] have shown that severe damage of the intraventricu- 
lar conduction system may be found in the presence of only 
minor conduction disturbances in the EGG. 

Short Story/Case Report 1 

In 19S4 a 46‘year“Old man had two sudden episodes of syn- 
cope, one of 10 sec duration and one of about 30 sec, on the 
second occasion with a fracture of his right hand. He was 
transferred from the orthopedic to the neurologic station. 
Clinical and laboratory findings were normal, as was an elec- 
troencephalogram, The cardiology consultant found a sinus 
rhythm and LAFB at rest. The echocardiogram was normal; 
the exercise test revealed excellent work capacity, without 
other ECG abnormalities. As there were no risk factors for 
CHD, coronary angiography was not performed. The patient 
was dismissed and an ambulatory ECG was proposed. Ten 
days later, on a train returning from work, the patient sud- 
denly died. In the autopsy no cause of sudden death could be 
found macro scopically. The coronary arteries were normal. 
However, extensive histopathologic examination of the 
intraventricular conduction system revealed extensive fibro- 
sis of the proximal portions of the right bundle branch, the 
left anterior, and also the left posterior fascicle (Len^gre dis- 
ease). It was assumed that the patient died during his third 
Morgagni-Adams-Stokes attack, due to complete AV block 
and ventricular asystole, possibly with consecutive ventricu- 
lar fibrillation. 

To conclude: the cardiologist was not aware of the possi- 
ble discrepancy between the ECG and histopathologic find- 
ings. Unfortunately, he neglected the history typical for 
arrhythmogenic syncope. An ambulatory ECG should have 
been performed and an electrophysiologic study made dur- 
ing hospital! station, and implantation of a pacemaker should 
have been discussed. Pacemaker implantation would have 



been more appropriate in this case than for asymptomatic 
patients with borderline sick sinus syndrome diagnosed in 
the ECG. 

6 Left Posterior Fascicular Block 

6.1 Vectors and the ECG 

If the conduction is blocked in the posterior fascicle, a portion 
of the septum is activated first, over the anterior fascicle. The 
abnormal and relatively early activation of the inferior wall on 
a broad front results in a great vector directed inferiorly, dom- 
inating the vectors directed superiorly (activation of the high 
lateral wall), thus determining the ECG pattern with a frontal 
QRS axis of + 80° to + 120° (in the usual combination with infe- 
rior infarction about + 60°), with a small q wave and a tall 
R wave in the leads III, aVF, and II. The vectorcardiogram 
shows a clockwise QRS loop. The delayed activation of the infe- 
rior wall often results in a slurred R downstroke in the inferior 
leads III and aVF. LPFB produces little alteration in the hori- 
zontal leads, however, of diagnostic importance. A slurred R 
downstroke and an absent s wave in (found in about 80% of 
the cases) often confirms the diagnosis (ECGs 9.5 and 9.6). 

63 Special Remarks: AQRSp, ECG Patterns 
and Etiology 

Here are a few facts and reflections about the discrepancies in 
the literature in respect to AQRSp, ECG pattern, and etiology. 
In the literature, the opinions about LPFB are rather controver- 
sial and even confusing. The main reason is probably that most 
publications date from 1968 to 1975 and lack comparison with 
left ventricular angiography and coronary arteriography. In 
older papers a mean frontal QRS axis of + 90° to + 120°, and 
even to + 180° is described as typical. However, a mean QRS 
axis of + 70° is also discussed as possible in complete and 
incomplete LPFB, or in LPFB combined with inferior infarc- 
tion. Medrano et al [14] insist on the diagnostic importance of 
a slurred R downstroke in the inferior leads III and aVF, and 
V5, without an s wave in this lead. Unless these morphologic 
signs are observed, the pattern of LPFB may be easily con- 
founded with normal variants. 

Some examples of ‘LPFB’ published in the literature [15] 
represent normal variants in younger people. It is generally 
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accepted that an age of less than 30-40 years, asthenic habitus, 
RVH, or extensive anterior/lateral infarction are exclusion cri- 
teria for the diagnosis of LPFB, because a shift of the frontal 
QRS axis to the right is common. However, in all these condi- 
tions the ‘fine’ alterations of real LPFB, associated with inferior 
MI, are lacking. 

More recently the pattern of LPFB in inferior MI has been 
qualified as ‘peri-infarction block’ [16]. Indeed, some patterns 
of intraventricular conduction disturbances in MI, such as rSr’ 
type in leads to in anterior infarction [17], may be called 
‘peri-infarction block’, as they are today. However, in such a 
‘peri-infarction block’ there is never a great QRS vector direct- 
ed opposite to the infarcted area. Thus a tall R wave, associated 
with inferior MI, can only be explained by an important con- 
duction disturbance - in this case a block of the left posterior 
fascicle. 

Many etiologies for LPFB have been described, mainly con- 
cerning a few or single cases. CHD is the most frequent cause. 
Overall, by far the largest number of LPFB patterns (docu- 
mented with ECGs) that have been published are associated 
with inferior MI [18]. Very rare causes (without inferior infarc- 
tion) include fibrosis of the left posterior fascicle (Lenegre dis- 
ease), hypertension, aortic valve disease, cardiomyopathy, aor- 
tic dissection, and other conditions [3,11,13,18,19]. Transient 
LPFB sometimes occurs, though rarely, during exercise testing 
and angina [20]. 

One more recent clinical study about LPFB dates from 1993 
[18]. It compares the EGG with left ventricular angiographic 
and coronary angiographic findings. In a retrospective i-year 
study, 9 of 163 patients (5.5%) with old inferior (or inferoposte- 
rior) infarction showed LPFB. In a prospective i-year study of 
patients in departments of cardiology and internal medicine, 
LPFB was detected in 6 of 2502 ECGs (0.24%). In 5 of those 6 
patients an invasive study was performed, revealing inferior 
infarction; the sixth patient had an inferior aneurysm of the 
left ventricle in the echocardiogram. Thus all 15 patients with 
LPFB had an inferior infarction. In a i-year period no other eti- 
ology could be found. There was severe two-to-three-vessel 
CHD in 12 of 14 patients undergoing invasive studies, and 9 
(64%) underwent coronary bypass grafting (mean 3.2 grafts). 
The pattern of inferior infarction was partially or completely 
masked by the LPFB in all cases; the correct diagnosis was 
made only once, before hospitalization. The authors concluded 
that LPFB is mostly found in patients with inferior infarction 
(in some cases with additional anterior infarction) and is gen- 
erally associated with severe CHD, therefore requiring invasive 
investigation to evaluate coronary revascularization. Based on 



an extensive study of the published literature on LPFB (includ- 
ing the published ECG patterns of LPFB), the authors did not 
find valuable arguments against the concept that LPFB is most- 
ly encountered in patients with inferior infarction. In this study 
the mean frontal QRS vector was about + 60°, varying from 
•+• 50° to + 80°. 

Explaining the different AQRSp in LPFB without inferior 
MI and in LPFB with inferior MI, is not difficult. There is a link 
between the apparent discrepancies in the older and newer lit- 
erature. There is no doubt that LPFB without inferior infarc- 
tion generally produces a mean frontal QRS vector between 
-h 80° and + 120°. However, this condition is very rare. It is also 
obvious that some previously published ECGs and vectorcar- 
diographic patterns of so-called LPFB, especially in younger 
people without heart disease and with normal QRS duration 
[15], represent normal variants. LPFB combined with inferior 
infarction results in a minor shift of the frontal QRS vector to 
the right. Some loss of vectors directed inferiorly, caused by 
necrosis, produces a q wave in III and aVF that is generally 
deeper and somewhat broader (but < 40 msec) than the q wave 
in LPFB without inferior infarction, thus reducing the shift of 
the QRS to the right and resulting in a mean QRS vector of 
about + 60°. 

6.3 Prognosis 

Because the diagnosis of LPFB is not easy, the prognosis pri- 
marily depends on the treating physician... In cases of doubt 
the patient history and risk factors for CHD should be evaluat- 
ed and an echocardiogram performed. Coronary angiography 
is mandatory in suspected infarction to evaluate revasculariza- 
tion. The prognosis then depends on left ventricular function 
and the feasibility of coronary bypassing. 

In the evolution of monofascicular over bifascicular to tri- 
fascicular block and complete AV block, the left posterior fas- 
cicle plays the part of ‘joker’. Due to its special conditions 
(thick fascicle with early and separate division from the His 
bundle; double blood supply), the left posterior fascicle is the 
most resistant portion of the intraventricular conduction sys- 
tem (Chapter 11 Bilateral Blocks). There is a lack of publica- 
tions about the risk for patients with isolated LPFB (with or 
without inferior infarction) of developing complete AV block. 
Because there must be some risk, these patients should be con- 
trolled. 
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7 Very Rare Patterns of Fascicular 
Blocks 

7.1 LAFB plus LPFB 

In very rare cases the combination of LAFB and LPFB may be 
suspected. EGG 9.12 shows an example in which a medial fasci- 
cle is responsible for left ventricular activation. 

7.2 Left Septal Fascicular Blocks 

Until now it has not been possible to identify the EGG pattern 
of the block in the medial (septal) fascicle, in a convincing 
manner [21]. 

7.3 Right Fascicular Blocks 

Funnily enough, the right ventricular conduction system in 
both dog and human hearts is divided into two (or three) fas- 
cicles. Right ventricular fascicular blocks have been extensive- 
ly studied by Rothberger and Winterberg 1917 [1], by Uhley and 
Rivkin 1961 [22], and by Medrano and De Micheli 1975 [23]. 
Interestingly right anterior fascicular blocks may occasionally 
result in left-axis deviation, similar to LAFB, without the pat- 
tern of incomplete RBBB in lead Vj. This might be one expla- 
nation for the rare cases of left-axis deviation in acute PE. 
Otherwise, right ventricular fascicular blocks do not seem to 
have clinical importance. 
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ECG 5.1 

74 y/m. Typical LAFB. AQRSp - 75 % slurred R 
downstroke in l/aVL, and 'smooth' transition 
zone in precordial leads. 



ECG 9.2 

54 y/m. Typical LAFB. AQRSp - 60°, 
mirror image of slurred R down- 
stroke in III, and 'smooth' transi- 
tion zone in precordial leads. 




ECG 93 

80 y/f. LAFB without apparent 
slurring (a frequent pattern). 
AQRSp about - 40°. Absent transi- 
tion zone in the horizontal leads, 
with extreme clockwise rotation. 
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ECG 9.4 

73 y/m. Old inferior Ml without LPFB. 
AQRSf - 50^ Q > 0.04 sec in III, aVF (II) 
and symmetric negative T waves in the 
same leads. 



EM 9.5 

68 y/m. LPFB, partly masking old inferior 
Ml. AQRSf + 55^ Q wave < 0.04 sec in III, 
aVF. Slurred R downstroke in II (lll/aVF) 
and Vg/V5. Negative T wave in III. Note 
the absence of S wave in V5 (and V5). 
Coro: closed right coronary artery, inferi- 
or aneurism, ejection fraction 42%. 
Moreover, 60% stenosis of LAD and 70% 
stenosis of CX. 
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ECG9,6 

72 y/f. LPFB, completely masking old inferior Ml. Left atrial 
enlargement. AQRSp + 80°. Slurred R downstroke in V 5 and as 
mirror image in aVR.Tall and broad R waves in ll,aVF and III. 
Only minimal Q waves in the same leads. Coro: closed right 
coronary artery, inferior akinesia, ejection fraction 50%. Also 
80% stenosis ofCX. 



ECG9J 

32 y/m. No apparent heart disease, 
weight 115 kg. Unexplained right-axis 
deviation. AQRSp about + 130°. No 
signs for LPFB (see also broad S wave 
in Vg and small S wave in aVF).This 
pattern is much more frequent in 
asthenic young people. 
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ECG9J 

53 y/f. LAFB. AQRSp - 50^ Only mmimal 
terminal R slurring in aVL Horizontal 
leads: rS type in to V 4 , R=S in 





ECG9J 

66 y/f. LAFB. AQRSp - 45^ Slurred R 
downstroke in I/a YL. Tall R wave in 
V 2 as a variant of LAFB. 
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ECG9,10 

52 y/m. Variant of LAFB, with small 
Q waves in leads V 2 and V 3 (V 4 ). Diffe- 
rential diagnosis: old anteroseptal Ml. 



ECG9.11 

53 y/m. Severe aortic valve disease. Left- 
axis deviation without LAFB. AQRSp - 50°. 
Horizontal plane: QRS counterclockwise 
rotation. Significant q waves in V 2 to V 5 . 
Evident left ventricular hypertrophy with 
strain pattern. 



ECG9.12 

67 y/m. Possible LAFB-hLPFB. 
AQRSp - 40°. Slurred R downstroke 
in l^aVLonc/Vg. 
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Chapter 10 

Bundle- Branch Blocks (Complete and Incomplete) 



At a Glance 



Bundle-branch blocks (BBB) are the most common ECG 
patterns of aberration of the ventricular conduction, in the 
presence of a supraventricular rhythm, mostly sinus rhythm. 
This means that the electric impulse is not conducted over 
both bundle branches at the same time but is blocked in one 
bundle branch. Consequently, one ventricle is activated with 
delay, through the interventricular septum. 

Other types of aberration in the ventricles are fascicular 
blocks (including bifascicular and/or bilateral blocks) and pre- 
excitation in individuals with an accessory pathway. 

Differentiating between complete right bundle-branch 
block (RBBB) and complete ieft bundle-branch block (LBBB) is 
almost as important for a physician as it is for a driver to diffe- 
rentiate between right-hand drive and left-hand drive cars. 

The prevalence of RBBB depends predominantly on age 
and on the presence or absence of coronary heart disease. 
Overall it seems that RBBB is more frequent than LBBB. The 
etiologies for both blocks include hypertension, coronary 
heart disease, degenerative disease of the intraventricular 
conduction system (Lenegre disease), and heart valve 
replacement. 

ECG 

The normal human ECG is a Tevogram’ due to the important 
muscle mass of the left ventricle (LV) compared to that of the 
right (RV), at a ratio of 8 : i. Thus, the great LV vectors outweigh 
the small RV vectors. In the 12-lead ECG we generally do not 
see anything of right ventricular excitation, but there are two 
exceptions: right ventricular hypertrophy (see Chapter 6 Right 
Ventricular Hypertrophy) and RBBB. 

The expression ‘conduction block’ may be misleading. Often 
there is no real conduction block but an extensive slowing of 
the conduction; in the ECG the block may be incomplete, or 



complete. In complete blocks an extreme reduction of the con- 
duction velocity may be the reason for the pattern of bundle- 
branch block. 

The block may be reversible: after a heart operation, after 
recovery from myocardial infarction, pulmonary embolism 
(RBBB), or infectious heart disease, and in some cases after 
thoracic trauma (RBBB) or by treatment of arterial hyperten- 
sion (mostly LBBB). 

1 Complete Right Bundle-Branch Block 

RBBB and LBBB are characterized by a broad QRS complex and 
a special QRS configuration. QRS duration in LBBB is general- 
ly longer than in RBBB. Without concomitant ventricular 
hypertrophy, QRS in RBBB measures 0.12 sec (0.12-0.14 sec) 
and in LBBB 0.14 sec (0.14-0.16 sec). 

In RBBB, right ventricular excitation is especially well 
detectable, because the right ventricle is activated after the left. 
The activation of the left and the right ventricles can be seen 
separately. The QRS vector in RBBB is similar to that of normal 
ventricular activation, with exception of the last part. The ini- 
tial and middle vectors are only slightly altered, whereas the 
delayed excitation of the right ventricle produces a great vec- 
tor oriented to the right. There are only two leads in the 12-lead 
standard ECG that explore rightward-oriented vectors directly, 
that is by a positive deflection: V^ and aVR (up to a certain 
degree also lead III). For RBBB a terminal broad R wave is 
characteristic in these leads (ECGs 10.1 and 10.2). In lead the 
classical pattern is an rsR' complex with a R’ of great amplitude, 
about 5-16 mm. In some cases a simple broad but always 
notched R complex is present, due to projections (ECG 10.3). In 
uncomplicated RBBB, a qR type in V^ is quite rare and RVH 
must be excluded in this case. The positive terminal R wave in 
aVR and often also in III confirms the diagnosis of RBBB. The 
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At a Glance 




absence of a terminal R wave in aVR excludes RBBB, and other 
conditions for a single R wave in lead - such as pre-excita- 
tion or posterior myocardial infarction - must be considered. 

In RBBB, the leads I, aVL and V^/V^ (as mirror-image leads 
for the delayed right ventricular activation) show broad termi- 
nal S waves with an amplitude of i-6 mm. 

2 Incomplete Right Bundie-Branch 
Block 

Incomplete RBBB (iRBBB) is characterized by a normal broad 
rSr' complex in lead always with a terminal R wave in lead 
aVR. The r’ wave in Vj may be smaller, equal or greater than the 
initial r wave. The pattern is quite common (up to 5%) and is 
considered as a normal variant in most cases (ECGs 10.4 and 
10.5). An r’ wave in significantly broader than the initial 
r wave may be caused by right ventricular hypertrophy or 
enlargement, especially if the T waves are negative in and 

(EGG 10.6). 

3 Complete Left Bundle-Branch Block 

In the complete form of LBBB, QRS measures at least 0.12 sec, 
in most cases > 0.14 sec, also without left ventricular hypertro- 
phy (LVH). In contrast to RBBB, in LBBB the QRS complex is 
extremely deformed, because the great septal and LV vectors 
are directed from the right to the left (and upwards or down- 



The Full Picture 



The heart has its own special system for conduction of the elec- 
tric impulse. If the function of this system is disturbed, nature 
looks ‘automatically’ for another way to conduct it. In the case 
of LBBB the left ventricle is activated from the right ventricle, 
over the septum, bypassing the normal conduction system - in 
this case the left bundle branch. If this did not happen, the left 
ventricle would stand still and death would occur. Correspond- 
ingly, in RBBB the right ventricle would stand still without acti- 
vation over the septum. Thus the electrical conduction in bun- 
dle-branch block is an example of the wonderful reserve mech- 
anisms of nature. 



wards, and backwards) producing a unique and somewhat 
bizarre QRS complex. The QRS pattern in the horizontal leads 
is strikingly uniform, with a broad rS complex in Vj to 
(in < 20% of cases with a QS complex) and an abrupt change 
to a positive deflection in and with a broad, notched (or 
not notched) or bifid R wave, without a Q wave (EGG 10.7). 
Occasionally, this abrupt change can be observed between lead 

and V4, or between and V^. 

In the frontal leads, the QRS axis often points to the left and 
upwards (left-axis deviation). We find a broad R wave (without 
Q wave) in I and aVL, and in the inferior leads III and aVF gen- 
erally an rS complex, and rarely a QS complex (as occasionally 
in Vj to V^), that may be confounded with an infarction pat- 
tern. However, in LBBB the QRS is broad and the T wave is dis- 
cordant and asymmetric (EGG 10.8) - and not (as usual) con- 
cordant and symmetric as in myocardial infarction. 

4 Incomplete Left Bundle-Branch Block 

The pattern of iLBBB is relatively rare. Its definition is a QRS 
duration of about 0.12 sec and the typical behavior of the LBBB 
pattern in to V5, with a sudden change from a negative QRS 
deflection in to a positive one in (EGG 10.9). Most of so- 
called iLBBB, without an abrupt change of QRS polarity 
between and V^, are simple patterns of LVH with prolonged 
QRS. In cases of doubt, iLBBB may be classified as LBBB. 



5 Etiology and Prevalence 

Gommon etiologies are hypertension, coronary heart disease 
(especially myocardial infarction), degenerative disease of the 
ventricular conduction system (Lenegre disease) in middle-age 
and the elderly, thoracic trauma, heart operation (especially 
aortic valve replacement and closure of ventricular septum 
defect), and inflammatory and other diseases [1-5]. If bundle- 
branch block is found in individuals with an otherwise normal 
heart [6], fibrosis of the ventricular conduction system is 
assumed. The prevalence of bundle-branch blocks depends on 
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the studied population and therefore differs considerably in 
the literature. Gertsch et al [7] studied 5000 ambulatory 
patients from a cardiac institute, and found RBBB in 1.62% and 
LBBB in 0.74%. Out of 7073 patients referred for exercise tread- 
mill testing with thallium imaging, Hesse et al [8] found an 
RBBB in 3% and an LBBB in 2%. In the Tecumseh study by 
Ostrander et al, the prevalence of bundle-branch block was 
2.4% [9]. Eriksson et al [10] reported, in a general male popu- 
lation, a rise of bundle-branch block from 1% to 17% between 
the ages of 50 years and 80 years. 

All publications report an increase of bundle-branch blocks 
with aging and a higher prevalence of RBBB compared to 
LBBB. The last observation is astonishing, because the diseases 
of the left heart are far more frequent than those of the right. 
The reasons are speculative. The fact that the right bundle is 
supplied by branches of the right and left coronary arteries, 
and may be blocked by disease of both coronary arteries, may 
play a role. A new bundle-branch block in association with 
acute myocardial infarction was observed in about 2%-6% 
[11,12]. 

ECG Special 

6 Complete Right Bundle-Branch Block 

6.1 QR5 Vectors 

The schemes of ventricular vectors in Figures 10.1 and 10.2 are 
somewhat simplified but correlate well with the ECG. In 
Figure 10.1 normal ventricular vectors are shown. It is obvious 
that the vectors in RBBB (Figure 10.2) are quite similar to the 
normal vectors. In RBBB a portion of the interventricular sep- 
tum and the whole free wall of the left ventricle, including its 
inferior and high lateral segments, are normally activated 
through the left bundle branch. The right bundle branch being 
blocked, the electric impulse automatically breaks through the 
interventricular septum from the left to the right, at about 
80 msec before the left ventricle is completely activated. This 
produces an abnormal vector 1. The vector has the same direc- 
tion as the normal septal vector but a relatively great magni- 
tude and long duration. This has two consequences. First, the 
septal vector is enhanced, visible (by the proximity effect) only 
in the precordial leads and V^, as a higher initial R wave that 
may mimic the mirror image of true posterior infarction. With 
leads Yj to true posterior infarction can be confirmed or 
excluded. Second, and more important, the vector 1 (as also the 
vector 3) reduces to a certain extent the main LV vector (vector 



2), which means the amplitude of the R waves in to V^. The 
mirror-image deflections - the S waves in the anteroseptal 
leads - are extremely reduced (by the proximity effect). This 
makes the ECG diagnosis of LVH even more difficult than 
under normal conditions. However, a higher R voltage than 
normal in leads VyV^/V^ (about > 15 mm) renders LVH proba- 
ble at an age of > 40 years (ECG 10.10). 




Figure 10.1 

Scheme of the ventricular vectors in normal conduction 




Figure 10.2 

Scheme of the ventricular vectors in right bundle-branch block 
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The vector 3 originates from the delayed activation of the 
RV, on a broad front, partially neglecting the specific conduc- 
tion system. Consequently, this vector again has great ampli- 
tude and long duration. In lead the terminal R (R’) wave is 
astonishingly high in respect to the thin wall of the right ven- 
tricle. This can be explained by the ‘proximity effect’. In the 
mirror-image leads (e.g. I, aVL, V^/V^) the corresponding 
S waves are as broad but of smaller amplitude than the R’ wave 
in Vp because the proximity effect is lacking. 

Generally the rSR’ is only seen in V^. From to V5 the mir- 
ror image of the delayed right ventricular activation is seen as 
negative terminal deflection. In some cases the delay in right 
ventricular activation (with or without T-wave negativity) is 
visible in lead or even up to (EGG 10.11). In these cases, 
right ventricular hypertrophy must be excluded. Without right 
ventricular hypertrophy, this pattern is difficult to explain with 
the vector theory. This is an example of the limits of the vecto- 
rial approach. 

6.2 Repolarization Vectors 

In RBBB the ST and T vectors of the right ventricle are more or 
less pointing in the opposite direction of the R’ - that is to the 
left, upwards and slightly backwards. In the EGG we find a min- 
imal ST depression in and III (and aVF) and a negative and 
asymmetric T wave in the same leads. At exercise, the T wave 
becomes negative in more precordial leads, up to lead V^, rarely 
to Vy This should not be misinterpreted as ischemic response. 

63 Determination of Frontal QRS Axis in 
RBBB 

In the ECG without RBBB, the frontal QRS axis (AQRSp) 
reflects the frontal QRS axis of the LV vectors. In the presence 
of RBBB, only the first 60-70 msec of the QRS complex corre- 
spond to the LV vectors. Thus we determine the frontal QRS 
axis in RBBB by regarding only the first 60 or 70 msec of QRS. 
After some practice this is possible with a precision of about 
20°. But even accurate measuring is not completely precise, 
because this ‘LV axis’ is slightly shifted to the right by the influ- 
ence of vector 1 of RBBB. Generally the axis is between - 30° 
and + 90°, In right-axis deviation (formerly called classical 
type RBBB) RVH or an additional left posterior fascicular 
block (LPFB) must be excluded. In left-axis deviation (former- 
ly called Wilson type RBBB) an additional left anterior fascic- 
ular block (LAFB) has to be considered. Not every RBBB with 
left-axis deviation (of the first 60 msec of QRS) corresponds to 



a bilateral block of the type RBBB + LAFB. If there is no 
decrease in S width in lead I and especially lead aVL (where the 
S wave is often completely lacking in the presence of addition- 
al LAFB), isolated RBBB with left-axis deviation can be 
assumed (EGG 10.12). 

6.4 Myocardial Infarction in RBBB 

In RBBB the pattern of acute and old myocardial infarction can 
be recognized almost as well as without RBBB, in contrast to 
infarctions with LBBB (Ghapter 13 Myocardial Infarction). 

6.5 Right Ventricular Hypertrophy in 
RBBB 

Differentiation between RBBB with and without right ventric- 
ular hypertrophy is not as easy as one might think (Ghapter 6 
Right Ventricular Hypertrophy). 

7 Incomplete Right lundle-Branch 
Block 

iRBBB is defined as delayed intrinsic deflection in right ven- 
tricular activation exceeding about 35 msec, producing an rSr’ 
complex in lead V^ and some times in III, without prolonging 
QRS duration. 

In the past two different types have been distinguished. 
Type A has a r’ that is smaller (in duration and often ampli- 
tude) than r. Type A was interpreted as a harmless normal vari- 
ant. Type B, with a r’ greater than r, was thought to be combined 
with right ventricular hypertrophy (EGGs 10.5 and 10.6). This 
opinion can be partially abandoned. If a greater and unselect- 
ed cohort with type A or type B is compared, there is no statis- 
tical difference. That means that type B may also be a normal 
variant, and type A (more rarely) may be combined with right 
ventricular hypertrophy. In selected patients suffering from 
diastolic or systolic right ventricular overload (in patients with 
atrial septal defects or chronic pulmonary embolism) the type 
B will be much more frequent, however. It is also evident that 
iRBBB with a negative T wave, not only in V^ but also in V^ and 
V^, is a better marker of right ventricular disease than the type 
of iRBBB. Ghronic systolic and diastolic overload cannot be 
distinguished, neither by characteristics of QRS (both show a 
broad r’ in V^) nor by the repolarization (both have negative 
T waves in V^ to V^ that are generally asymmetric) (Ghapter 6 
Right Ventricular Hypertrophy). 
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The Mexican school of electrocardiography has its own 
nomenclature for the types of patterns of RBBB, based on the 
degree of conduction slowing: 

a. first degree: former type A of iRBBB, with r’ smaller than r 

b. second degree: former type B of iRBBB, with r’ greater than r 

c. third degree: complete right bundle-branch block (RBBB). 

These definitions may be useful to a certain extent for a 
general population that is growing older today and subject to 
hypertensive, coronary and degenerative heart diseases. 

In the presence of iRBBB the ECG should always be interpre- 
ted in context with the patient history and the clinical findings. 

Short Story/Case Report 1 

In May 1978 the specialist for infectious diseases was called 
to a very obese 64-year-old woman who had had an opera- 
tion on both knees 4 days before, and who had been on 
heparin (underdosed). She suffered from moderate dyspnea 
at rest, with hyperventilation; her pulse rate had increased 
from 90 to 130/m in within 2 h and her blood pressure 
decreased from 170/100 to 110/90 mmHg. At the same time 
her body temperature had risen from normal to 39 ®C. Blood 
cultures were ordered. Occasionally, the preoperative and 
new ECGs were shown to an 'ECG specialist* (who was not an 
experienced clinical cardiologist)* The first ECG revealed 
signs of LV hypertrophy and overload; the second showed, 
besides the fast sinus rate, only one minimal difference: a 
notch in the ascending branch of the S wave in Vj, a very 
incomplete RBBB* Based on this sign, and without so much 
as a glance at the patient, the ECG specialist made the diag- 
nosis of acute pulmonary embolism* Consecutive investiga- 
tions included blood gases (pO^ 48; pCO^ 22) and urgent 
lung scintigraphy that showed complete obstruction of the 
left pulmonary artery* With anticoagulation the patient 
recovered within 3 days clinically and the scintigram was 
normalized after 3 months. The fever was probably caused 
by an acute infection of the urinary tract* 

In conclusion, the correct diagnosis was (fortunately) made 
by the detection of a very silly ECG sign that could have been 
an innocent alteration. In fact, acute pulmonary embolism 
was possible, likely even, from the very beginning, on the 
basis of the patient history and clinical findings. Acute pul- 
monary embolism should never be diagnosed on the ECG 
alone (Chapter 8 Pulmonary Embolism). 




Figure 10.3 

Scheme of the ventricular vectors in left bundle-branch block 

8 Complete Left Bundle-Branch Block 

8.1 QRS Vectors 

In contrast to RBBB, where almost only the end of the 
QRS complex is altered, LBBB provokes a substantial deforma- 
tion of the QRS. In the presence of a blocked left bundle branch 
the right ventricle is activated through the right bundle branch 
as normal. The early penetration of the electrical impulse 
through the left part of the interventricular septum from the 
right to the left and slightly anteriorly (in most cases this 
means with rS in lead to V^) produces a small vector 1 
(Figure 10.3). The great abnormal vector 2, pointing mainly to 
the left, corresponds to a delayed excitation of the whole sep- 
tum. As in normal ventricular conduction, the relatively small 
right ventricular vector 2a is completely absorbed. Also the 
delayed and magnified vector 3, that corresponds to the activa- 
tion of the great muscle mass of the left ventricle, is directed to 
the left. Thus in LBBB the two great vectors 2 and 3 are direct- 
ed to the left, backwards and slightly superiorly or inferiorly. 
The consequence is an extremely uniform pattern in the hori- 
zontal plane. Whereas in leads to we find a broad rS com- 
plex (in < 20% of cases a broad QS complex), there is an abrupt 
change between and from completely negative to com- 
pletely positive deflections. In leads and we observe a 
broad and sometimes notched or bifid R wave, without a 
Q wave (ECG 10.7). A sudden change from negative to positive 
QRS may also be seen from lead to lead (ECG 10.13, 
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EGG 10.14) or from lead to lead V^, especially in (left and/or 
right) ventricular dilatation (EGG 10.8). In uncomplicated LBBB 
there are no ‘notches’ or ‘slurrings’ in leads to V^, and the 
small R wave is generally slightly increasing from to V^. It is 
important to memorize these typical patterns, e.g. for the dif- 
ferentiation of typical EGG patterns of myocardial infarction in 
LBBB (Ghapter 13 Myocardial Infarction), and the differentia- 
tion of supraventricular tachycardias with LBBB aberration from 
ventricular tachycardias (Ghapters 23 AV Junctional Tachycar- 
dias and 26 Ventricular Tachycardias). In the frontal plane the 
most common pattern is a broad R wave in I and aVL and a broad 
rS, and occasionally a broad QS complex in the inferior leads. 

82 Repolarization Vectors 

Gorresponding to the abnormal QRS vectors in LBBB the ST 
and T vectors are also strongly altered, pointing to the opposite 
direction of QRS vectors, namely to the right, forward and infe- 
riorly. ST and T is therefore always opposite to the QRS deflec- 
tion. The ST segment may be elevated in and (V^) up to 
3-4 mm, without hypertrophy or ischemia. In and 
ST depression generally does not exceed 1-2 mm. The T wave 
is also discordant to the QRS and asymmetric. In some cases 
we find in I, aVL, and biphasic (negative/positive) or pos- 
itive T waves, instead of the usual negative T waves. The former 
concept - that this behavior of the T wave corresponds to 
ischemia - has not been confirmed. 

83 Determination of Frontal QRS Axis in 
LBBB 

In contrast to RBBB, the separate activation of the ventricles is 
not visible. Thus we determine the QRS axis as usual, consider- 
ing the whole QRS complex. However, this axis is not the true 
QRS axis that would be present without LBBB. Generally LBBB 
provokes a substantial left-axis deviation of the QRS axis 
(EGG 10.8), but also other QRS axes are seen (EGGs 10.7 and 10.13). 

8.4 Myocardial Infarction in LBBB 

LBBB masks typical myocardial infarction in more than 70% of 
cases (see Ghapter 13 Myocardial Infarction). 

8.5 Left Ventricular Hypertrophy in LBBB 

Based on the uniformity of the QRS vectors of LBBB in the hor- 
izontal plane, the detection of LVH (EGG 10.14) seems to be 



easier than in the EGG without conduction disturbance 
(Ghapter 5 Left Ventricular Hypertrophy). 

8.6 Incomplete Left Bundle-Branch Block 

If we accept the definition of iLBBB, that the EGG pattern 
should reveal the same characteristics as LBBB with the excep- 
tion of a slightly prolonged QRS duration of about 0.12 sec 
(EGG 10.9), iLBBB is rarely encountered (let us remember that 
in LBBB QRS generally measures >0.14 sec). If we argue that 
we are not able to differentiate in the EGG between real con- 
duction block and extensive conduction slowing, it is probable 
that in iLBBB a portion of the left ventricle is activated with 
delay over the left bundle branch but the main portion from 
the right to the left, by the abnormal activation of the septum 
[13,14]. Furthermore, in some cases of typical (complete) LBBB 
we cannot exclude the possibility of a small segment of the left 
ventricle being activated over the left bundle branch, and al- 
most the whole muscle of the left ventricle being activated by the 
mechanism described above. In practice we use the difference 
of QRS duration for the distinction between iLBBB and LBBB. 

9 special Aspects of Bundle-Branch 

Blocks 

9.1 Rate-Dependent Bundle-Branch Block 

Due to the longer refractory period of the right bundle, com- 
pared to that of the left bundle, rate-dependent RBBB occurs 
more often than LBBB. RBBB aberration is not rare at the 
beginning of a supraventricular tachycardia, for some beats; 
LBBB aberration is rarer in this condition (Ghapter 23 AV 
Junctional Tachycardias). Bundle-branch block may also be 
triggered by bradycardia [15]. For new onset bundle-branch 
block during exercise see Ghapter 27 Exercise EGG. 

92 Alternating, Intermittent and 
Reversible BBB 

At the beginning of the development of bundle-branch block, 
occasionally alternating or intermittent bundle-branch block 
(EGG 10.15) maybe observed [16,17]. 

Reversible bundle-branch block may be observed after 
heart operation, after recovery from myocardial infarction, 
after pulmonary embolism (RBBB) or infectious heart dis- 
eases, in some cases after thoracic trauma (RBBB) or by treat- 
ment of arterial hypertension (mostly LBBB). This is one hint 
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more for the functional component in bundle-branch block 
and other conduction blocks. 

9.3 Difference of QRS and QT Duration in 
RBBBand LBBB 

QRS duration is longer in LBBB than in RBBB. This is based on 
the fact that the abnormal conduction through the septum 
lasts longer from the right to the left than from the left to the 
right. The reason is not completely clear. Some findings argue 
for an ‘electrical barrier’ that exists only in the septal activation 
from the right to the left [i8]. More evident is the reason for the 
larger vector 3 in LBBB, compared to vector 3 in RBBB. It takes 
more time to activate the greater muscle mass of the left ven- 
tricle than that of the right. Consequently, also the QT time in 
LBBB lasts about 20 msec longer than the QT time in RBBB, 
that means about 30-40 msec longer than in normal ventricu- 
lar conduction. 

10 Prognosis 

Principally, the prognosis of bundle-branch block depends on 
the underlying disease. In the absence of heart disease, the 
prognosis is generally good. However, a certain percentage of 
patients with bundle-branch block, especially with LBBB, 
develop cardiac disease after years, mostly coronary artery dis- 
ease. In the Reykjavik study [19,20], the Tecumseh study [9] 
and the Framingham study [21] bundle-branch block was not 
connected with an increased mortality, in the absence of coro- 
nary heart disease. In the study by Eriksson et al [10] in older 
men there was no significant relation to coronary heart disease 
or mortality. However, the patients with bundle-branch block 
were prone to greater left ventricular volume and to developing 
heart failure. In bundle-branch block appearing during acute 
myocardial infarction the prognosis is different. Melgarejo- 
Moreno et al [22] and Newby et al [23] found that new and per- 
manent bundle-branch block was an independent predictor of 
increased mortality. Hod et al [24] found that in patients with 
acute inferior infarction the subgroup of those with bundle- 
branch block (5%, in 79% RBBB) had significantly increased 
mortality at 1 year, 5 years and 10 years. Finally, a more recent 
study by Hesse et al [8], with a huge cohort of 5290 men and 
1783 women, confirmed some old results and revealed some 
new ones. RBBB was more frequent overall than LBBB; RBBB 
was more frequent in men and LBBB was more frequent in 
women. Women and men with bundle-branch block had more 
abnormalities in stress thallium images and were more likely 



to have coronary heart disease. After a follow-up of 6 years, 

LBBB and RBBB were associated with increased mortality. 
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ECG10.1 

59y/m. RBBB with the typical rsR' in and an 
Rsr' configuration in V 2 /V 3 . Coronary artery 
disease (one-vessel disease), normal left ven- 
tricular function. 




ECG 10.2 

33y/m. RBBB with the typical RSR' 
(rsR') configuration only in V^. Normal 
heart. 
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Chapter 10 ECGs 





ECG10J 

58y/f. RBBB without an rsR' complex in 
but with a notched broad R wave in 
V^/V 2 and an Rsr' complex in V 3 . 
Hypertension, normal heart. 




ECG1M 

31y/m. Incomplete RBBB 
with r> r'in V^. Normal 
heart. 




ECG10.S 

62y/m. Incomplete RBBB with r < r' 
inV^ and V 2 . Slight LVH. 
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ECGIO.d 

49y/f. Incomplete RBBB with r < r' 
in and T negativity in V 2 up to 
V 5 ! Atriai septai defect with left 
to right shunt > 60%. 



ECG lOJ 

49y/f. LBBB, QRS duration 0.14 sec (half calibra- 
tion in precordiai leads). Sudden change of QRS 
polarity from V 4 to V 5 . Hypertension, LVH, pul- 
monary emphysema. Normal coronary arteries. 



ECG 10.8 

54y/m. LBBB, QRS 0.14 sec. 
Change of QRS polarity 
between V 5 and V 5 , with Rs in 
V 5 . QS in III, Diiating cardiomy- 
opathy of the left ventricle. No 
significant coronary artery 
stenosis. 
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ECG10.9 

72y/f. Incomplete LBBB (QRS 
126 msec!). Change of QRS polarity 
between lead V4 and lead V5. 
Hypertension, LVH. 



ECG 10.10 

63y/m. RBBB plus LVH. High R waves in V 4 
and V 5 (up to 26 mm). Relatively broad 
Q wave in lll/aVF. Alteration of the repo- 
larization also in left precordial leads. 
Moderate to severe aortic regurgitation. 
Normal coronary arteries. 



ECG 10,11 

47y/f. RBBB with visible right 
ventricular activation delay up 
to V 4 . Height 172 cm, weight 
45 kg. No RVH, small heart. 
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ECG 10.12 

69y/m. RBBB with left axis deviation of the 
first 60 msec of QRS. No signs for addition- 
al left anterior fascicular block (note the 
broad S wave in aVL). Left atrial enlarge- 
ment (p duration 0.13 sec). Hypertension. 



ECG 10.13 

72y/m.LBBB (QRS 0.13 sec). 
Sudden change of QRS polarity 
between V 3 and V 4 . Slight LVH. 



ECG 10.14 

67y/f. LBBB with a frontal axis 
about + 40°. Hypertension, coronary 
artery disease. 90% stenosis of left anteri- 
or descending coronary artery, normal left 
ventricular EF. 
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ECGia.15 

Intermittent incomplete LBBB. 
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Chapter 1 1 

Bilateral Bifascicular (Bundle-Branch) Blocks 



At a Glance 



Bilateral bifascicular blocks, also called bilateral bundle- 
branch blocks, include complete right bundle-branch block 
(RBBB) combined with either left anterior fascicular block 
(LAFB) or left posterior fascicular block (LPFB). 

The prevalence of the combination RBBB + LAFB in 
hospital patients is 03%-1%,the combination RBBB + LPFB is 
at least 20 times rarer. The etiologies of these conduction 
block patterns are the same as for isolated fascicular blocks: 
coronary heart disease (CHD) and cardiomyopathies of other 
origins, Lenegre disease, hypertensive heart disease, heart 
valve operations, and rare conditions. 

Bilateral bifascicular blocks are clinically important 
because they represent potential precursors of complete 
infra-Hissian atrioventricular (AV) block. 

ECG 

1 RBBB + LAFB 

This type of bilateral bifascicular block (Figure ii.i) is relative- 
ly frequent. The delayed excitation of the right ventricle 
(RBBB) and of high lateral portions of the left ventricle alter 
the QRS vector loop in the frontal and horizontal planes. The 
ECG is characterized by: 

i. QRS duration > 0.12 sec 

ii. typical RBBB pattern in lead with an rsR’ complex (some- 
times with a pure broad and slurred R wave, or a qR com- 
plex). The S wave in V5 is broad (mirror image of lead V^) 

hi. frontal left-axis deviation of the first 0.06 sec of the QRS. 
Often small Q waves in aVL and I; rS complex in III/aVF/II 
with positive T waves 



iv. clockwise rotation of left ventricular QRS vector in the pre- 
cordial leads, mostly with an rS complex and (in most 
cases) without a Q wave in leads V^/ V^. 

A slurred R downstroke in leads I and aVL - due to a visible 
delayed intrinsicoid deflection - is not compulsory. Therefore 
the ECG pattern in the limb leads may differ considerably 
(either with broad or absent S waves in leads aVL and 1), 
whereas the QRS configuration in the horizontal plane is quite 
uniform. ECGs 11.1-11.6 demonstrate the different patterns in 
the limb leads. 

In general the S wave in leads I and especially aVL are 
smaller than the S wave in lead V5 (ECGs 11.1 and 11.2). Often 
the S waves in I and especially aVL are missed, thus imitating 
an LBBB pattern in the limb leads (ECGs 11.3 and 11.4). In many 
cases there is no distinct slurred R downstroke and occasional- 
ly the S waves are only moderately or minimally diminished in 
leads I and aVL. In such cases it may be impossible to distin- 
guish the pattern of RBBB + LAFB from that of isolated RBBB 
with left-axis deviation on the basis of a single ECG. In 




Figure 11.1 

Bilateral block of the type RBBB + LAFB 
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At a Glance 




EGG 11.5, with obvious frontal left-axis deviation, nobody can 
reliably confirm or exclude additional LAFB. On one hand the 
broad S waves in aVL and I and the rSR’ type in III (and aVF), 
with negative T waves, favor isolated RBBB. On the other hand, 
the absence of a Q wave in V^/V^ is quite rare in isolated RBBB 
and is extremely frequent in RBBB -H LAFB. 

EGG 11.6 illustrates this rare finding in RBBB + LAFB - a 
preserved Q wave in leads V^/V^ (and V^). EGG 11.7 shows 
RBBB with minor frontal QRS left-axis deviation, probably 
without associated LAFB. 

2 RBBB+LPFB 

This type of bilateral bifascicular block is rare (Figure 11.2). 
The typical RBBB pattern in lead is combined with a verti- 
cal axis of the first 0.06 sec of the QRS complex in the frontal 
plane. The delayed activation of the inferior left ventricular 
(LV) portions generally leads to a visible delayed intrinsicoid 
deflection, a slurred R downstroke in leads aVF and III, and 
also in lead (V^). The S wave in this lateral (inferolateral) 
lead is generally smaller than usual. The Q wave in leads and 
Vg is preserved (EGG 11.8). 

As in isolated LPFB, the diagnosis of RBBB + LPFB should 
not be made in clinical conditions that may also lead to a ver- 
tical frontal axis of the LV vector; these conditions include: age 
< 40 years, right ventricular hypertrophy (RVH), lung diseases 
such as pulmonary emphysema, asthenic habitus and, of 
course, lateral infarction. As for isolated LPFB, RBBB + LPFB 
generally masks an old myocardial infarction (MI), reducing 
the Q wave in the inferior leads (EGG 11.9) or even masking it. 



The Full Picture 



Based on the concept of the trifascicular (or quadrifascicular) 
ventricular conduction system that consists of the right bundle 
branch and the two (or three) left fascicles, we prefer the term 
‘bilateral bifascicular block’. However, the term ‘bilateral bun- 
dle-branch block’ is identical and is used more frequently. 

4 Etiology 

Similarly to isolated fascicular blocks, bilateral fascicular 
blocks are generally due to coronary artery disease (GAD), pri- 




Iigure11.2 

Bilateral block of the type RBBB + LPFB 



3 Prognosis 

Bilateral bifascicular blocks represent potential precursors of a 
complete AV block (AV block 3°). The progression of RBBB + 
LAFB to AV block 3° is generally slow (about 4% per year), 
whereas a RBBB + LPFB is more often an immediate precursor 
of AV block 3°. However the indication for pacemaker implan- 
tation depends also on clinical findings and symptoms such as 
dizziness, presyncope, or syncope. A Holter EGG may help to 
discover episodes of AV block 2° or 3° in patients with unclear 
symptoms. In selected cases, the duration of the HV interval is 
measured. For detailed indications for permanent pacing see 
The Full Picture. 



mary fibrosis of the ventricular conduction system, hyperten- 
sive heart disease, and iatrogenic lesions during heart surgery, 
approximately in this order. In many cases the etiology can 
only be presumed. The definitive etiology can only be detected 
by pathologic-anatomical examinations. This may be one of 
the reasons why the prevalence of etiology varies considerably 
in the literature. However, most publications deal with the 
combination RBBB + LAFB. Information about RBBB + LPFB 
is very rare. In 40%-6o% of people GAD is responsible for 
chronic bilateral bifascicular block [1,2] and is seen in acute MI 
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(AMI) in 4%-7% [2-4], usually RBBB + LAFB in anterior AMI 
(the right bundle branch and the left anterior fascicle are both 
supplied by septal branches of the left anterior descending 
artery (LAD). In 1964 Lenegre first described a ‘sclerodegener- 
ative process’ of the ventricular conduction system, responsible 
for bilateral bundle-branch block and complete AV block in the 
absence of CAD [5]. Of 61 cases with bilateral bundle-branch 
block or complete AV block, postmortem examination revealed 
CAD in 32 (28 with MI) (52%), and ‘primary’ fibrosis of the ven- 
tricular conduction system (in the right bundle branch and in 
the left fascicles) in 19 cases (31%). In these last cases, no other 
cause could be detected, especially no coronary artery pathol- 

ogy [5]- 

The prevalence of hypertensive heart disease in patients 
with a bilateral fascicular block, mostly RBBB -1- LAFB, is about 
20%. RBBB -I- LAFB occurs also during heart operations, in 11% 
of corrections of Fallot, in 6% of closures of ventricular septal 
defects [6], in a low percentage of aortic valve replacements, 
and occasionally in mitral or tricuspid valve replacements 
[7-9]. In these instances a bilateral block is due to direct dam- 
age to the conduction fascicles. A unifascicular block may pre- 
exist. A bilateral block after coronary bypass is very rare. In an 
early publication [10] the prevalence reached 3.5% and was due 
to inadverted ischemia. 

Other rare etiologies include non-coronary cardiomyopa- 
thy [11], aortic valve disease [12], Lev disease in older patients 
(sclerosis and calcification of the left heart skeleton) [13], con- 
genital heart disease [14], heart transplantation [15], and 
hyperkalemia [16]. 

In practice it is often not possible to determine the etiology 
if the patient has neither proven CAD, nor has he had a heart 
operation. 



i. an LBBB-like pattern (ECGs 11.3 and 11.4) 

ii. a slurred R wave downstroke in leads aVL and I, with small- 
er S waves (ECGs 11.1, 11.2 and 11.6) 

iii. only minimally increased duration of the R wave in aVL/I, 
with practically normal broad S waves (ECG 11.5). In these 
cases, the pattern is hardly to distinguish from that of iso- 
lated RBBB. Both RBBB and LAFB decrease the amplitude 
of the R wave in leads to V5. Consequently, we find an rS 
complex in these leads, in most cases without a Q wave. 

6 Differential Diagnosis of RBBB + LPFB 

Most cases with RBBB and a vertical axis of the first 0.06 sec of 
the QRS complex are due to pulmonary diseases with emphy- 
sema and/or RV hypertrophy and are also seen in young peo- 
ple and in asthenic individuals. ECG 11.11 shows RBBB in a 
young asthenic patient. The rare pattern of RBBB + LPFB can 
only be reliably diagnosed in a single ECG on the basis of a 
slurred R downstroke in lead ( V^) in expense of the RBBB- 
induced S wave (ECGs 11.8 and 11. 9). Serial ECGs may be very 
helpful. In the presence of RBBB an abrupt rightward change of 
the frontal LV QRS vectors (the first 0.06 sec) indicates addi- 
tional LPFB, in the absence of acute pulmonary diseases. 

7 Differential Diagnosis of RBBB + LAFB 
+ LPFB IV/f/iout Complete AV Block 

In this very rare condition, the ventricular conduction is only 
guaranteed by a medial (septal) left fascicle (Figure 11.3). The 
very rare pattern is characterized by the common pattern of 
RBBB (rsR’ in V^) and the behavior of the intrinsicoid deflec- 
tion of LAFB and LPFB. Therefore we can observe a slurred R 



ECG Special 

5 Differential Diagnosis of RBBB + LAFB 

The pattern of RBBB in (rsR’ or broad notched R wave) is 
not altered by LAFB or by LPFB. 

In RBBB -H LAFB, the pre-existing QRS axis, the caliber of 
the left anterior fascicle, incomplete block in the anterior fasci- 
cle, and the presence or absence of a distinct medial fascicle, 
may all influence the QRS configuration, making the diagnosis 
difficult. While a left- axis deviation of the first 0.07 sec of QRS 
is compulsory, the influence of LAFB on the frontal QRS loop is 
very variable. The three different patterns are: 




AV node - 
His bundle - 

Right bundle - 
branch 



Left posterior 
fascicle 
Left medial 
fascicle 
Left anterior 
fascicle 



Conduction block 



Figure 11.3 

Bilateral block of the type RBBB + LAFB + LPFB without complete 
AV block. An additional left medial (septal) fascicle allows, or guar- 
antees, AV conduction. 
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The Full Picture 




downstroke in leads I and aVL (caused by LAFB) and V5 
(caused by LPFB), with small S waves in these leads. The total 
frontal QRS axis in this pattern is about - 30° (ECG 11.10). 
Astonishingly, the PQ interval may be normal. 

This pattern represents an immediate precursor of com- 
plete AV block and should therefore be recognized. Because 
there is no striking frontal right- or left-axis deviation, the pat- 
tern is sometimes misinterpreted as uncomplicated RBBB 
(ECG 11.10 with a QRS axis (first 0.06 sec) of + 75°). 

Short Story/Case Report 1 

In 1984, a 73 -year-old patient was admitted to hospital be- 
cause of three episodes of syncope during the previous week 
(one complicated by fracture of his right arm). There was a 
history of hypertension. The ECG (ECG 11.10) was interpret- 
ed as sinus rhythm, normal PQ interval, and complete RBBB. 
An additional remark was made: no sign of associated LAFB 
(absent left-axis deviation). Based on his history the patient 
was monitored. He suffered another period of loss of con- 
sciousness due to intermittent complete AV block with ven- 
tricular asystoly A pacemaker was implanted. After opera- 
tion, two ECGs revealed sinus rhythm with the pattern of 
RBBB + LAFB + LPFB. In later control ECGs, constant com- 
plete AV block was diagnosed (without PM funtion). 

In conclusion: the pattern should have been recognized 
immediately. A! least the patient was put on the ECG moni- 
tor because of his history of syncope. 

8 Prognosis 

The progression of RBBB + LAFB to AV block 3° is generally 
slower in patients with Lenegre disease and with unknown eti- 
ology than in patients where there is an association with 
chronic CAD. A prolonged His-ventricle (HV) interval probab- 
ly enhances the development to AV block 3°. However, a pro- 
longed HV interval is not always helpful for predicting the 
prognosis [17]. Overall a yearly progression of about 3% [18] to 
7% [1] is estimated. In the setting of AMI, AV block 3° develops 
much more frequently (in up to 43% of patients) and is associ- 
ated with a high mortality rate of about 50% [19]. In general the 
cause of death is progressive heart failure due to extensive 
infarction. 

For the combination RBBB + LPFB a much higher rate of 
developing AV block 3° has been described, from 8%-6o% 
within 1-2 years [1,20]. 



9 Indications for Pacemaker 
Implantation 

The indications for permanent pacing in chronic hi- and tri- 
fascicular block are listed in the ACC/ AHA Guidelines [21]. It is 
obvious that all symptomatic patients (with syncope or pre- 
syncope) should receive a pacemaker urgently. In asympto- 
matic patients the problem is not definitively resolved. It is 
generally acknowledged that the presence of both patterns of 
bilateral bundle-branch block at different times in the same 
patient represents an indication for pacing. In patients with a 
bilateral bifascicular block associated with infra-His AV block 1° 
(or 2°) - called ‘incomplete trifascicular block’ - a pacemaker 
should be implanted, also in asymptomatic patients. This inter- 
vention is valuable also for patients with LBBB with infra-His 
AV block 1° (and 2°). In the presence of RBBB -H LAFB without 
AV block 1° or 2°, close control of the patient is sensible. 
However, the younger the patient, the greater is the possibility 
of developing AV block 3°. External conditions, for instance if 
the patient is employed as a driver, will influence the decision 
for a prophylactic pacemaker implantation. 

In the presence of RBBB + LPFB we usually implant a pace- 
maker. The rare pattern of RBBB + LAFB + LPFB without AV 
block 3° [22,23] requires urgent pacemaker implantation. We 
have seen this rare pattern only in symptomatic patients 
immediately before or after pacemaker implantation, often 
alternating with the pattern of complete AV block. 
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The Full Picture 





ECG11.1 

73 y/f. Hypertension. ECG: RBBB with single and notched R 
in V^.QRS left-axis deviation in limb leads. Relative broad 
S in I but very small s in aVL. Atypical qR in V 2 (due to a 
'variant' of LAFB). Typical rS complexes in V 5 /Vg. 



ECG 11,2 

40 y/f. Aortic valve replacement for severe aortic valve incompetence. 
Surgically induced bilateral block. ECG: bilateral block. RBBB with rsR' in 
V^. QRS left-axis deviation in limb leads. Relative small s wave in I, 
absent s wave in aVL. rS complex in V 5 /Vg, without a q wave. The great LV 
vectors are due to LV hypertrophy. Echo: LV mass 260g/m^. 
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ECG11.3 

68 y/m. Old inferior Ml. ECG: bilateral block. RBBB with 
rsR' in V^. Frontal QRS left-axis deviation. QS in lll/aVF, due 
to old Ml. Minimal s wave in I, absent s wave in aVL, with 
broad notched QRS. The ECG pattern in the limb leads imi- 
tates LBBB. Clockwise rotation of LV vector in precordial 
leads. Absent Q wave in V5. 



ECG 11.4 

59 y/f. 2 -day-old anterior Ml. ECG: bilateral 
block. RBBB with qR in V^. Frontal QRS left- 
axis deviation. Absent s waves and broad 
R waves in aVL/l. Again the pattern in the limb 
leads imitates LBBB. In leads V5/V5 rS com- 
plex. Note that the pathologic q waves in (V^) 
V2 to V4 and the ST elevation in V4 are due to 
anterior Ml. Atrial fibrillation. 
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ECGn.5 

67 y/m. No history for CHD. Echo within normal limits. 
ECG: RBBB with or without associated LAFB (see text 
section ECG). 
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ECG 11.6 

50 y/m. Hypertension. Echo: LV mass at upper normal limit. ECG: bilateral block with q waves in 
leads V 4 to Vg. RBBB with rsR' in V^. Frontal left-axis deviation. Relative broad S wave in I, but small 
s wave in aVL. Small q waves in leads V 4 to Vg. 
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aVF 



ECG11J A 

64 y/m. No history for CHD. ECG: probably isolated RBBB, with rsR' 
in V^. Borderline QRS frontal left-axis deviation (first 0.07 sec about 
- SO"*). Broad S waves in I and aVL. Rs complex in 



ECG 11.8 > 

72 y/m. Surgical problem. No pulmonary disease. No history of CHD 
or hypertension (Lenegre disease?). No syncope hitherto. Echo: nor- 
mal LV function. ECG: RBBB -i- LPFB + AV block V (incomplete trifas- 
cicular block). RBBB with notched R wave in V^. Frontal vertical axis 
of the first 60 msec of QRS. Slurred R downstroke with consequent 
smaller s wave in lead V 5 .The notching/slurring in leads lll/aVF are 
probably due to RBBB and not due to LPFB. Follow-up: in an ambu- 
latory ECG two episodes of AV block 2:1 . The patient received a 
pacemaker and developed complete AV block 4 months later. 
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ECG11.9 

72 y/m. 1 -year-old inferoposterior (lateral) Ml. ECG (50 mm/sec!): RBBB + 
LPFB. RBBB with notched R wave in V^. iVote the broad first portion of the R 
wave, and the tall R waves in V 2 /V 3 , caused by posterior Ml. Frontal vertical 
axis of the first 0.06 sec of QRS.The fine first slurring of the R downstroke in 
III and aVF is caused by LPFB. Also slurred R downstroke in V 5 /Vg, with 
reduction of S duration. Note that the S wave gets smaller from V 2 to Vg (not 
broader as in isolated RBBB). The q waves in lll/aVF/Vg are somewhat strik- 
ing, but do not exceed 25 msec (paper speed 50 mm/sec). 
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ECG 11.10 

73 y/m. Short Story/Case Report 1 . ECG (50 mm/sec!): RBBB + LAFB + LPFB, without 
complete AV block. RBBB with rSr' in (rsR' in another ECG of the same patient, 

not shown here). Frontal axis of the first 0.06 sec of QRS about - 30°. Slurred R 
downstroke in leads l/aVL ond V 5 /V 5 , with consecutive reduction of s wave dura- 
tion. The PQ interval is not prolonged. 
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ECG 11.11 

33 y/m. No heart disease. RBBB. Frontal axis of the 
first 70 msec of QRS about + 75 ° (the peaked T wave 
in lead V 2 imitates, at a first glance, fast sinus rhythm 
with 2:1 AV block). 
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Chapter 12 

Atrioventricular Block and Atrioventricular Dissociation 



At a Glance 



Atrioventricular (AV) block is not only linked to some import- 
ant electropathophysiologic mechanisms such as conduction 
slowing and escape rhythm, but also to typical ECG patterns 
such as Wenckebach period or Mobitz block, and to other 
potential precursors of complete AV block such as fascicular 
blocks and their combinations. All in all, AV block in its various 
degrees Is of great clinical importance. 

Principally a "conduction block" represents a prolongation 
of conduction time and not necessarily an absolute and fixed 
conduction block. Therefore, any conduction block (bundle- 
branch, fascicular, sinoatrial, or AV blocid may be a variable 
condition, which may be reversible under some circumstan- 
ces. 

AV dissociation represents a complex term and its 
significance depends on several conditions. 

ECG 

1 Anatomic Localization of AV Block 

This is illustrated in Figure 12.1. Anatomically, AV block is 
localized: 

i. either within the AV node or in the upper part of the His 
bundle (a supra-His block) 

ii. or it is localized within the infra-hissian fascicles of the 
right and left ventricle (right bundle branch, left anterior 
and posterior (and ‘medial’) fascicle) or within the lower 
part of the His bundle where it spreads into the fascicles (an 
infra-His block). 

2 Degrees of AV Block 

AV block is divided into three categories: 



i. in AV block 1° every atrial impulse is conducted to the ven- 
tricles, with a prolonged PQ interval 

ii. in AV block 2° (subdivided into three different types) there 
is a change of conduction and complete AV block of the 
atrial impulses 

hi. in AV block 3° (complete AV block) all atrial impulses are 
AV blocked. The actions of the atria and the ventricles 
occur absolutely independently from each other. If no (AV 
nodal or ventricular) escape rhythm arises, ventricular 
asystole occurs. 

2.1 AV block r 

Defined by PQ interval > 0.20 sec (ECG 12.1). Isolated AV 
block 1° does not represent a block but a prolonged AV con- 
duction; it is mostly harmless, generally showing little or no 
progression over years or decades. It is also found in healthy 
individuals or may be due to digitalis and other drugs. 

The prolongation of the AV conduction generally occurs in 
the AV node (‘supra-His’). 




Figure 12.1 

Anatomical localization of AV block. Supra-His versus infra-His 



145 



At a Glance 




2*2 AV block 2^ 

22A AV block 2*^ Type Wenckebach 

This type is characterized by an increasing PQ interval, up to 
one completely AV blocked atrial impulse, resulting in a short 
ventricular pause (ECG 12.2). This behavior is often repetitive. 
This ‘Wenckebach period’ generally includes three to four atri- 
al impulses (p waves). Like AV block 1°, AV block 2° type 
Wenckebach (Figure 12.1) occurs within the AV node (supra- 
His) and is harmless in most cases. It may progress to complete 
AV block in inferior acute myocardial infarction and digitalis 
excess. 

222 AV block 2° Type Mobitz 

This type is characterized by intermittent and sudden complete 
AV block of one (or more) atrial impulses, often without an 
escape beat or escape rhythm for one or more cycles. There is 
no increase of the (often normal) PQ interval before the ven- 
tricular pause. In the conducted beats, a bundle-branch block 
or a bilateral bundle-branch block is present in most cases 
(ECG 12.3). AV block 2° of the Mobitz type represents an imme- 
diate precursor of chronic complete AV block and is therefore 
dangerous. ECGs 12.4 and 12.5 illustrate that in Mobitz block an 
escape rhythm may fail for some seconds or longer. 

The block occurs distal to the His bundle in most cases 
(infra-His, Figure 12.1). Patients with Mobitz block (and pre- 
existing bundle-branch block) have often had or will soon suf- 
fer from syncope. Thus, a true Mobitz block is a clear indica- 
tion for a pacemaker (as distinct from ‘pseudo-Mobitz’ as dis- 
cussed in section 5.2.2a The Full Picture). 

2*23 AV block 2® Type Advanced 

This type is also called ‘high degree’. Both terms are somewhat 
misleading because this type of AV block 2° is generally far 
removed from complete AV block, in contrast to the Mobitz 
type. 

As for the Wenckebach type, there is a periodic change 
between conducted and completely AV blocked atrial impulses. 
The block occurs in the manner of a 2 : 1 or 3 : 1 AV block (up 
to about 8 : 1, especially in atrial flutter) usually with a constant 
and normal PQ interval (ECG 12.6). In AV block 2 : 1 every sec- 
ond atrial impulse is completely AV blocked and one impulse is 
conducted. In AV block 3 : 1 two of three atrial impulses are 
completely AV blocked and one impulse is conducted, and so on. 

In general AV block 2° of the advanced type is localized 
supra-His; the conducted beats do not show a bundle-branch 



block. Progression to complete AV block is uncommon in cases 
without bundle-branch block (exceptions are inferior acute 
myocardial infarction, digitalis excess, and certain rare condi- 
tions). The significance of the block type usually depends on 
the rate of atrial rhythm and the number of AV blocked beats. 
A sinus rhythm at a rate of 90/min and a 3 : 1 AV block result in 
a ventricular bradycardia of 30/min and impaired hemody- 
namics. In cases with bundle-branch block (ECG 12.7) the pro- 
gression to complete AV block is more frequent. In atrial flut- 
ter the usual 2 : 1 AV block is beneficial, inhibiting an excessive 
ventricular rate. A 2 : 1 AV block can also be interpreted as the 
shortest possible Wenckebach period. In some cases of atrial 
flutter, the interval between the flutter waves and the QRS com- 
plex may be irregular, due to superimposed Wenckebach phe- 
nomena. 

23 Complete AV Block 

This occurs when the conduction between atria and ventricles 
is completely blocked. The atria follow an atrial rhythm (most- 
ly sinus rhythm) and the ventricles, completely independently, 
follow an AV nodal or ventricular escape rhythm. If the escape 
rhythm does not arise, ventricular asystole occurs. The symp- 
toms depend on the duration of asystole. An asystole lasting 
3-6 sec leads to dizziness and presyncope; an asystole of 
> 6 sec leads to syncope. In patients with preexisting impair- 
ment of cerebral circulation, an asystole of 3-4 sec may pro- 
voke a syncope. 

A syncope due to cardiac arrhythmia is called a Morgagni- 
Adams-Stokes attack (MAS attack). If asystole lasts more than 
about 4-7 min, irreversible organic damage results (especially 
cerebral). Longer ventricular asystole leads to death, some- 
times provoked by secondary ventricular fibrillation. 

2.4 Types of Complete AV Block 

As mentioned before, there are two types of complete AV block, 
which differ in evolution, etiology, and clinical significance. 

2A1 Infra-His Complete AV Block 

This AV block is localized distal to the His bundle (infra-His), 
within the ventricular fascicles and bundles respectively 
(Figure 12.1). Thus, fascicular blocks, bundle-branch blocks 
and bilateral bundle-branch blocks represent ‘precursors’ of 
infra-His complete AV block (Figure 12.2). The transition from 
AV block 2° to complete AV block often occurs as the Mobitz 
type. 
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Figure 12.2 

Common development to complete supra-His AV block (left side) 
and to complete infra-His AV block (right side) 



The rate of the ventricular escape rhythm is low at 
10-45/min, generally about 40/min (EGG 12.8) and is not 
increased during exercise. Thus, hemodynamics are moderate- 
ly to severely impaired. Moreover, the ventricular escape 
rhythm is not reliable in many cases and episodes of asystole 
are frequent. 

The etiology is predominantly coronary artery disease 
(CAD) and idiopathic fibrosis of the infra-His conduction sys- 
tem (Morbus Lenegrej. Infra-His complete AV block is more 
frequent than supra-His complete AV block and is generally 
irreversible. 

2.4.2 Supra*His Complete AV Block 

This AV block is localized proximal to the His bundle (supra- 
His) in the region of the AV node (Figure 12.1). The precursors 
of supra-His complete AV block are AV block 1° and two types 
of AV block 2°, namely the Wenckebach and advanced types 
(Figure 12.2; EGG 12.9). Because the AV junctional escape 
rhythm is often reliable and the rate is 45-65/min, episodes of 
asystole are quite rare and hemodynamics are only modestly 
impaired. At exercise, the rate of the escape rhythm may be 
accelerated up to 100/min or more. Supra-His complete AV 
block is most frequently encountered in inferior acute myocar- 
dial infarction (AMI) (EGG 12.10), in about 8% of people with 
this condition. In > 90% of these, complete AV block is 



reversible within hours, days or a week. A temporary pacemak- 
er may be needed. AV block is also reversible in digitalis intox- 
ication (after digitalis withdrawal), usually after several days. 
Other rare etiologies of supra-His block include congenital 
heart disease (with irreversible block) and infections of the 
heart. 

Today there is a general agreement that, principally, every 
patient with chronic complete AV block of infra-His or supra- 
His localization should be treated with a pacemaker. 

3 AV Dissociation 

The term AV dissociation’ is used on one hand as a general 
term and on the other as a special term. The general term 
includes complete AV block and the special types of AV disso- 
ciation. The special term is only applied to the three special 
forms of AV dissociation. The so-called AV dissociation in ven- 
tricular tachycardia’ (corresponding to functional complete AV 
block) is discussed in section 6.1.3 in The Full Picture. 

In the three special forms of AV dissociation the AV con- 
duction system is not affected by a disease. Because impulse 
formation occurs in two centers (one in the sinus node, the 
other in the AV junction) almost concurrently, each impulse 
only penetrates the AV conduction system. Gomplete conduc- 
tion is inhibited by the other impulse, arriving from the oppo- 
site site. Thus, only a secondary, functional AV block is present. 
The ventricles follow an AV junctional center, whereas the atria 
are activated by the sinus node. However, in contrast to com- 
plete AV block, there is a strong temporal connection between 
the two centers. 

The subdivision into three types is more or less arbitrary. 
All three forms of special AV dissociation are basically charac- 
terized by the same EGG pattern. The p waves are ‘wandering’ 
through the QRS complexes, sometimes appearing immediate- 
ly before or after the QRS, and often hidden within the QRS 
(EGGs 12.11 and 12.12). The rate of the AV junction rhythm and 
the sinus rate only differ in small limits; over a longer episode 
the rate of the two centers is the same. In contrast, in complete 
AV block, the p waves are ‘wandering’ through full heart cycles, 
due to the higher rate of the sinus impulses compared to the 
rate of the independent AV junctional or ventricular escape 
rhythm. 



3.1 Three Types of AV Dissociation 

3.1.1 AV Dissociation with Accrochage 

The AV dissociation occurs only for some beats. 
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3t1 2 Isorhythmic AV Dissociation 

The AV dissociation lasts for minutes, and very occasionally for 
hours. 

3 J 3 AV Dissociation with Interference 

Otherwise known as ‘interference AV dissociation’, the AV dis- 
sociation is interrupted from time to time by conducted sinus 
beats - so-called ‘ventricular captures’. 



The Full Picture 



Even experienced EGG readers may have trouble differentiat- 
ing between complete AV block and AV dissociation. 

4 Nomenclature and its Implications 

4.1 Differences Between Complete AV 

Block and AV Dissociation 

There is some confusion about the term ‘AV dissociation’ in 
general, and in respect to AV block. The reason is based on the 
fact that the term AV dissociation is used both as a general 
term and as a special term. Table 12.1 illustrates this clearly. As 
a general term, AV dissociation includes complete AV block 
and the three special forms of AV dissociation. For the descrip- 
tion of these three forms, AV dissociation is used as special 
term. It is essential to understand that AV dissociation in com- 
plete AV block, and AV dissociation in the three forms of spe- 
cial AV dissociation are completely different, with respect to 
their pathophysiology, their manifestation in the EGG, and 
their clinical significance. 



Table 12.1 

AV dissociation as a 'generaf term and as a 'special' term 





AVdisjodatlon I 


Complete AV block 


Three types of special AV dissociation: 

1 . AV dissociation with accrochage 

2. 1 so rhythm icAV dissociation 

3. AV dissociation with interference 



The special forms of AV dissociation are mostly seen in 
healthy individuals, especially during sleep, and in athletes, and 
are harmless in these cases. In patients after recent heart oper- 
ations or other interventions, AV dissociation may occasional- 
ly provoke a fall of blood pressure, due to the atrial contraction 
against the closed tricuspid valve. The rarest type, AV dissoci- 
ation with interference, is occasionally observed in organic 
heart disease and/or digitalis intoxication. 



4.2 Pathophysiology and the ECG 

In complete AV block, AV dissociation is complete. There is 
absolutely no connection between the atrial (mostly sinus) 
rhythm and the slower escape rhythm that originates from the 
AV junction or from one of the ventricles. The connection bet- 
ween the atria and the ventricles is interrupted by organic 
lesions and generally remains irreversible (exceptions include 
inferior AMI and digitalis intoxication). 

The three forms of special AV dissociation (details are given 
in section 6.1) represent functional, intermittent and reversible 
arrhythmias. In general there is also complete AV dissociation, 
but the two impulse centers - one in the sinus node and the 
other in the AV junction - are in close temporal connection. The 
mechanism of the phenomenon is not completely understood. 
Several mechanisms have been discussed, such as the relative 
discharge of the dominant and subsidiary pacemaker, baro- 
receptor reflex mechanisms, the chronotropic response to sino- 
atrial stretch, and the responsiveness of the sinus node to accel- 
erating forces [1]. Based on the older concept, AV dissociation 
depends on the electrotonus - the electric field in the body - 
which is produced by the electrical activity of the heart. Electric 
discharge of the sinus node induces, over the electrotonus, the 
discharge of the AV junction region, without using the AV con- 
duction system. Similarly, by electrotonus, electrical discharge 
of the AV junction induces discharge of the sinus node. The 
transmission of the electrical signal by the electrotonus occurs 
much more rapidly than, under normal conditions, the conduc- 
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tion of the electric impulse over the conduction system. Thus, 
there is a strong time connection between the two pacemakers, 
and their rates differ only within narrow limits. This explains 
why in all three special forms of AV dissociation the p waves are 
‘dancing’ around the QRS complexes, appearing sometimes im- 
mediately before or after the QRS, or hidden within the QRS. In 
special AV dissociation, AV conduction is principally preserved. 
However, the normal AV conduction pathway cannot be used, 
because the sinus node and the AV junction center discharge at 
about the same time, so that each stimulus inhibits the conduc- 
tion of the other, antegradely or retrogradely. This behavior is 
called Junctional complete AV block due to AV dissociation’. 
The atria are stimulated by the sinus node, the ventricles by the 
AV junction center. 

In complete AV block, the p waves, with their higher rate, 
‘wander’ through the heart cycles. In special AV dissociation, 
the p waves are always in close proximity of the QRS complex, 
or are hidden within the QRS. The sinus rhythm and the AV 
junction rhythm have the same rate per minute. 

Last but not least, AV dissociation occurs only in bradycar- 
dia, mostly in sinus bradycardia or sinus rhythm at a rate up to 
75/min. One exception is AV dissociation in ventricular tachy- 
cardia - a special condition discussed in section 6.1.3 below. 

4.3 Clinical Significance 

Complete AV block is a severe conduction disturbance with 
hemodynamic and often life-threatening consequences. The 
clinical significance of special AV dissociation is based on the 
underlying rhythm disorder (mostly sinus bradycardia) and 
the basic heart disease (usually absent). It is generally a harm- 
less, intermittent phenomenon that occurs mainly in normal 
individuals. Special AV dissociation is rarely associated with 
manifestations of the sick sinus syndrome, such as sinoatrial 
(SA) block or intermittent sinus arrest. Only in this combina- 
tion can AV dissociation, as a secondary phenomenon, induce 
severe hemodynamic complications or syncope. In postopera- 
tive patients, AV dissociation occasionally provokes a fall in 
blood pressure and may require atrial pacing. The rarest form, 
‘AV dissociation with interference’, may be associated with 
severe heart disease or digitalis intoxication. 



ECG Special 

5 Atrioventricular Block 

AV block is divided into three degrees, in AV block 1°, in AV 
block 2° with its three types and in AV block 3° (complete AV 
block). 

5.1 AV Block r 

In AV block 1° the PQ time (PQ interval) is > 0.20 sec. Although 
there is some relation to sinus rate (longer PQ interval in 
bradycardia, shorter PQ interval in tachycardia), this definition 
is used for all rates, in practice. AV block 1° does not provoke an 
arrhythmia (of course) and generally has no influence on 
hemodynamics. In rare cases, the PQ interval may reach 
0.7 sec. AV block is usually harmless and has a good prognosis. 
Mymin et al [2] conducted a 30-year follow-up study of 3983 
healthy members of the Royal Canadian Air Force; they found 
52 individuals (at the beginning) and 124 (at the end) with AV 
block 1°, about 70% with a PQ interval of < 0.23 sec. Only two 
individuals showed progression to AV block 2°. AV block 1° is 
found in about 6% of healthy people, also in athletes, and in 
some cases may be induced by drugs such as digitalis, vera- 
pamil, or beta-blockers. 

5.1.1 Hemodynamics in AV Block 1"" 

Recently it has been stated that AV block 1° may considerably 
impair cardiac output. Indeed, Barold [3] produced an article 
entitled: ‘Indications for permanent cardiac pacing in first- 
degree AV block: class I, II or III?’ Indeed, a double-chamber 
pacemaker, with a relatively short AV interval, may improve 
cardiac output in selected patients, especially in those with 
mitral incompetence and moderate heart failure. However, 
pacemaker implantation for isolated AV block 1° remains a rare 
procedure. Temporary AV sequential pacing is occasionally 
used during the first days after heart operations because of AV 
rhythm with retrograde atrial activation or isorhythmic AV 
dissociation, conditions that may really impair cardiac output 
and arterial pressure. 

52 AV block 2° 

In AV block 1° every atrial impulse is conducted to the ventri- 
cles; in complete AV block (AV block 3°) no impulses are con- 
ducted from the atria to the ventricles. AV block 2° is charac- 
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terized by the change between AV-conducted and AV-blocked 
atrial impulses. 

The three types differ: 

i. in the mode of conducted/nonconducted beats 

ii. in the anatomic localization of the block (with overlaps) and 
hi. in clinical significance and prognosis. 

5^.1 AV Block 2^ Type Wenckebach 

This type is characterized by an increasing PQ interval 
(increasing AV block i°), up to a single completely AV blocked 
supraventricular impulse, resulting in a single ventricular 
pause (EGG 12.2). The same mechanism (Wenckebach period) 
is repeated one or more times. The first beat of the period often 
already shows some prolongation of the PQ time (AV block 1°). 
The increment of the increasing PQ time gets shorter in typical 
Wenckebach, and therefore the R-R interval decreases, up to 
the ventricular pause. In atypical Wenckebach (which in fact 
occurs in about 50% of cases), the increment of PQ prolonga- 
tion remains constant, or it increases. Here the R-R interval 
remains constant or increases. 

In more than 90% of Wenckebach type blocks, the AV 
block 2° is localized supra-His, which means proximal to the 
His bundle or in the upper part of the His bundle, mostly in the 
AV node. Wenckebach block is harmless in nearly all cases and 
can be found in healthy young people, especially in athletes 
(under enhanced vagal tone), and during the night. 
Progression to complete AV block is seen in association with 
inferior AMI and digitalis intoxication, and sometimes in 
hyperthyreosis, sarcoidosis, and in infections like borreliosis. 

5.2. la Infra-His AV Block 2° Type Wenckebach 

This condition is rare [4]. 

5.2. 1b Atypical Forms ofAV Block 2° Type Wenckebach 

‘Wenckebach behavior’ is only typical in about 50% of cases, 
with an increasingly prolonged PQ interval, up to the pause; 
decreasing increment of PQ prolongation, with the conse- 
quence of decreasing R-R intervals in the conducted beats. 
Atypical forms: 

i. The PQ interval does not increase before the pause (equal 
to Mobitz block). However, the PQ interval in the first beat 
after the ventricular pause is shorter (EGG 12.13). Usually 
the conducted beats show AV block 1° and the QRS are small 
(in contrast to Mobitz block). In a Holter EGG of such a 
patient we often also find ‘typical Wenckebach behavior’. 



If the conducted beats show a wide QRS (bundle-branch 
block), Mobitz block cannot be excluded. Thus the first QRS 
after the pause can be interpreted as a (ventricular) escape 
beat, although this is a rare condition in Mobitz block. In 
cases of doubt, differentiating between (harmless) atypical 
Wenckebach and (dangerous) Mobitz should be based on 
electrophysiologic study, always taking into consideration 
the clinical findings. 

ii. The increment of the PQ prolongation is increasing. Gonse- 
quently, the R-R interval increases also. This type may be 
harmless or may indicate some higher degree of AV block 2°. 

iii. In rare cases, the Wenckebach period is interrupted by a 
supraventricular (AV junctional) escape beat during the 
expected ventricular pause or before restart of the next 
period (EGG 12.14). The Wenckebach period thus remains 
incomplete. 

S22 AV Block 2*^ Type Mobitz 

This type is characterized by a sudden and unexpected com- 
plete block of AV conduction, for one or more heart cycles, 
without previous increasing prolongation of the PQ interval. In 
the conducted beats AV block 1° is often lacking. Mobitz type of 
AV block 2° is localized very proximally within the three (or 
four, or more) ventricular /ascfc/es (right bundle branch -t- left 
anterior fascicle -I- left posterior fascicle (- 1 - left ‘medial’ fasci- 
cle)), generally within the lower part of the His bundle. The 
block is called infra-His. Usually the nonblocked beats show a 
bundle-branch block or bilateral bundle-branch block, as indi- 
cators for a disease of the infra-hissian conduction system 
(EGGs 12.3-12.5). The Mobitz type is dangerous because it rep- 
resents an immediate precursor of permanent complete AV 
block. Moreover, Mobitz type represents an unstable condition 
because at the ‘beginning’ of complete AV block, episodes of 
conducted beats and complete AV block may change abruptly. 
This initial phase of complete AV block is especially dangerous 
because the escape rhythm is even less reliable than in chronic 
complete AV block. 

In conclusion, a typical Mobitz block represents an indica- 
tion for a pacemaker. In practice, the transition from bifascic- 
ular or incomplete trifascicular block into complete AV block 
can only rarely be documented by an EGG. 

522a Pseudo-Mobitz Block 

As mentioned before, one form of ‘atypical Wenckebach’ (con- 
stant PQ interval before the pause and shorter PQ interval 
after) may be misinterpreted as Mobitz block. An EGG pattern 
formally identical to that of Mobitz block occurs in the inten- 
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sive care unit, especially in the early postoperative period. The 
phenomenon is due to enhanced vagal tone and always coincides 
with a decrease in sinus rate [5], a condition that is not seen in 
true Mobitz. Moreover pseudo-Mobitz occurs supra-His. There- 
fore the conducted beats show a narrow (normal) QRS complex. 

Pseudo-Mobitz episodes are not infrequently encountered 
in patients of any age during the first days after an operation 
(ECG 12.15). The AV block is supra-His, often without AV junc- 
tion escape beats. In general there is a strong correlation with 
incidences such as vomiting or maneuvers that enhance vagal 
tone. Most often the episodes of ventricular asystole are 
asymptomatic (the ventricular asystole lasting only a few sec- 
onds), and during normal rhythm we find no bundle-branch 
block or fascicular block. 

These pseudo-Mobitz episodes disappear after atropine 
therapy, or spontaneously, and do not need a pacemaker. 

5.2.3 AV Block 2° Type Advanced (High Degree) 

This type of AV block 2° is characterized by periodical change 
of AV conduction and complete AV block. In most cases we find 
a constant 2 : 1 AV block, that means that one supraventricular 
impulse is alternately conducted and completely AV blocked. 
AV blocks of 3 : 1 or 4 : 1 or higher (e.g. 6 : 1) are also possible. 
The advanced type is localized proximal to the His bundle 
more often than it is localized distally. The conducted beats 
may show AV block 1° or they may not. 

It is now generally acknowledged that the advanced type 
may show Wenckebach behavior or Mobitz behavior. Wencke- 
bach behavior is the more common, where there is no tendency 
to develop complete AV block. The 2 : 1 AV block may be inter- 
preted as the shortest possible Wenckebach period: the PQ time 
of the second supraventricular atrial impulse (in this short 
Wenckebach period of only two beats) greatly increases for one 
beat so that one ventricular beat is missed. In atrial flutter the 
2 : 1 degree (or higher) of AV block inhibits an excessively high 
ventricular rate and is therefore beneficial in this case. 

The more rare Mobitz behavior may lead suddenly to 
longer episodes of complete AV block or to chronic complete 
AV block with the danger of ventricular asystole. 

In some cases with changing 2 : 1 and 3 : 1 (or 4 : 1) AV 
blocks, the interval between the p wave or the flutter wave and 
the following QRS complex is variable. This is due to a super- 
imposed Wenckebach phenomenon, resulting in the combina- 
tion of AV block 2° advanced type with AV block Wenckebach 
type. ECG 12.16 shows an example of a patient with atrial flut- 
ter. This illustrates that these two types of block generally 
belong close together. 



The combination of AV block 2° advanced type with AV 
block Mobitz type is less common and occurs only rarely in 
cases with AV block 2° advanced type with ‘Mobitz behavior’ 
(mentioned above). ECGs iz.i/a-b show examples of this, with 
pre-existing bilateral bundle-branch block. 

Note that in some publications, AV block 2° of advanced 
type is mixed up with (or incorporated into) AV block 2° of the 
Mobitz type. 

5.23a Pseudo 2 : 1 AV Block 

Sometimes an alteration of the T wave, that mimics a p wave, 
may suggest an AV block 2:1, at a first glance (ECG 12.18). A 
careful analysis of the ECG allows the correct diagnosis. 

53 AV Block 3° 

AV block 3° and complete AV block are identical and represent 
a severe conduction disturbance, in which the conduction from 
the atrial stimulus to the ventricles is completely interrupted. 
The atria follow an atrial, mostly sinusal rhythm, but the ven- 
tricles (completely independent from the atrial rhythm) follow 
an AV nodal or ventricular escape rhythm at a lower rate. The 
site of the block may be at anatomically different levels 
(Figure 12.1). 

The site may be located proximal to the His bundle (supra- 
His), in the AV junction region. In this form, the escape rhythm 
(with a rate of 45-60/min) is localized just distal to the blocked 
area, in the lower part of the AV junction. 

The other localization is distal to the His bundle (infra-His) 
and is due to the combination of conduction blocks in all three 
intraventricular fascicles: right bundle branch -I- left anterior 
fascicle -i- left posterior fascicle. The escape rhythm arises dis- 
tal to the blocked fascicles, in a more peripheral part of a fasci- 
cle, in the right or left ventricle. The rate of the ventricular 
escape rhythm is markedly lower than that of an AV junction 
rhythm, generally about 40/min; in some patients the rate is 
down to 20/min or lower. 



Short Story/Case Report 1 

In 1980 a 72-year-old patient came on foot to our depart- 
ment of cardiology. The author met him at reception, where 
he was sitting on a stool. He told the author that he had had 
vertigo for several days and near syncope on the way to the 
hospital. The author felt his wrist for a pulse but found 
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none***finally there was a beat., and after 4 seconds there 
was an other... after 4 seconds another... and so on. The rate 
was about 15/m in. The ECG revealed complete AV block with 
a ventricular escape rhythm of i6/min. The patient was 
informed about the possibility of therapy with a pacemaker 
and he agreed to immediate implantation. During the inter- 
vention he complained several times about vertigo that reg- 
ularly disappeared with coughing. Each cough produced a 
beautiful spike of the arterial pressure (ECG 12.19 with 
simultaneous arterial pressure). After the implantation of a 
ventricular inhibited pacemaker the patient was enthusiastic 
about his pulse rate of 70/min and insisted on going home 
on foot, as it was only a 20-minute walk. He argued that he 
had walked to the hospital with a heart rate of 16 beats/min, 
and walking home with a rate of 70/min would be much eas- 
ier. Furthermore, he wanted to surprise his wife with the 
pacemaker. A young colleague followed him home (unno- 
ticed). During the next week the patient came to the hospi- 
tal twice for pacemaker and wound control, walking each 
time of course. 

Complete AV block is clinically important and often dangerous 

for two reasons: 

i. If the rate of the escape rhythm is very low, hemodynamic 
consequences may lead to symptoms such as impaired 
work capacity, general malaise, or heart failure. This is 
especially true for a ventricular escape rhythm (in infra-His 
block) that has a primary low rate and does not respond to 
sympathetic stimulation. 

ii. If the escape rhythm does not emerge, or shows intermit- 
tent failures, ventricular asystole occurs. Asystole for a few 
seconds may be without symptoms or may lead to dizziness 
or presyncope. Asystole lasting more than 5-7 sec leads to 
loss of consciousness and the patient suffers from a 
Morgagni-Adams-Stokes attack [6-8]. Again an infra-His 
block is far more dangerous than a supra-His block, 
because a ventricular escape rhythm is not as reliable as an 
AV junctional escape rhythm. Thus, ventricular asystole 
occurs much more frequently in complete AV block that is 
localized distal to the His bundle. Ventricular asystole may 
last for minutes and leads to death caused by persistent 
asystole or secondary ventricular fibrillation. Moreover, 
infra-His AV block is generally a chronic disorder, whereas 
supra-His block is often reversible (as in the case of inferi- 
or AMI or in treated digitalis intoxication). 



S3A Simultaneous Supra-His AV Block and 
Bundle-Branch Block 

Occasionally complete supra-His AV block is combined with a 
bundle-branch block. In these cases a ventricular escape 
rhythm can be excluded on the basis of a rate of about 6o/min 
(AV junctional escape rhythm) and the typical pattern of bun- 
dle branch aberration. ECGs 12.20 and 12.21 show two examples. 

532 AV Blocked Atrial Premature Beats 

This arrhythmia is especially encountered in Holter ECGs. If an 
atrial premature beat occurs very early and falls into the refrac- 
tory period of AV conduction, it is completely AV blocked. In 
the ECG the p wave is visible as a ‘notch’ at the end of the 
T wave, or is hidden within the apex of the T wave, which is 
peaked in this case (ECG 12.22). The next sinus beat occurs 
after the usual postextrasystolic pause. The arrhythmia may be 
misinterpreted as an SA block, especially in cases of bigeminy. 
In ECG 12.23 the p waves are clearly detectable, however. 

Short Stoiy/Case Report 2 

During a check-up in 1992 a 4S -year-old woman told us that 
she had received a pacemaker implant 3 years before, in 
another hospital, because of two episodes of presyncope and 
a sick sinus syndrome. She mentioned palpitations occur- 
ring during the night especially. The ventricular inhibited 
pacemaker was programmed at 50/niin and not pacing at 
rest (sinus rhythm 68/m in). The exercise test was normal; 
echo/Doppler showed no abnormality. The Holter ECG 
revealed six AV blocked atrial premature beats with a con- 
secutive ventricular pause, interrupted by one ventricular 
pacemaker beat. Two of these episodes were registered as 
discomfort by the patient. Her previous doctor kindly sent 
us the ECG from 1988 before pacemaker implantation. This 
showed some AV blocked atrial premature beats, twice in 
bigeminy (ECG 12.24) during six cycles; the arrhythmia had 
been misdiagnosed as SA block and therefore a pacemaker 
was implanted. We programmed the device to a rate of 
30/min and the patient remained without palpitations or 
other symptoms. Retrospectively, the episodes of presyn- 
cope were interpreted as vagovasal during a bowel infection. 

533 Development of Complete AV Block 

(Also see Chapter 11 Bilateral Blocks.) 

The evolution from precursors to complete AV block differs 
in the supra-His type and in the infra-His type (Figure 12.2). 
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Supra-His AV block progresses from AV block i°, over AV 
block 2° Wenckebach type and over AV block 2° advanced type 
to complete AV block. The conduction disturbance occurs in the 
AV node. His bundle derivations show prolongation of the AH 
interval or a block between the atrium and the His region. In 
completely blocked beats the potential of the His bundle is lack- 
ing, because the stimulus is blocked above the His bundle. The 
ventricular escape rhythm is localized in the lower part of the 
AV junction and shows a normal QRS duration. If complete AV 
block is reversible the regression occurs in reverse order, from 
complete block to AV block 2° advanced type/Wenckebach type, 
to AV block 1°, often with final normalization of the PQ interval. 

In contrast, in Infra-His block the first precursor is a mono- 
fascicular block: right bundle-branch block (RBBB) or left 
anterior fascicular block (LAFB) which develops to bifascicular 
(bilateral) block, mostly RBBB + LAFB or left bundle-branch 
block (LBBB). In this context LBBB is understood as ‘unilater- 
al bifascicular block’ (LAFB -1- LPFB). Isolated left posterior fas- 
cicular block (LPFB) is very rare and is mostly associated with 
inferior infarction. The combination of RBBB + LPFB is also 
very rare. 

Bifascicular block may be combined with additional AV 
block 1°, or 2° of advanced type (and very rarely with Wencke- 
bach type). This combination is called incomplete trifascicular 
block. In this case, the prolongation of the AV time occurs 
within all three ventricular fascicles. In two fascicles the con- 
duction is completely blocked and in the third fascicle there is 
an AV block 1° or 2° of advanced type. The His bundle deriva- 
tions show a prolonged HV interval or a block distal to the His 
bundle. Thus the potential of the His bundle is always detect- 
able. However, in bifascicular blocks, the PQ interval (and the 
HV interval) is often normal, also immediately before the 
development of complete AV block. In these cases, episodes of 
AV block 2° Mobitz type may occur. In Mobitz block, the con- 
duction in the third fascicle is also completely blocked, for one 
or more heart cycles, inducing complete AV block. As a matter 
of fact - and by definition - any progression of a bifascicular 
block with a normal PQ time to complete AV block is based on 
the Mobitz phenomenon. Of all three types of AV block 2° 
Mobitz type is by far nearest to complete AV block. If typical 
Mobitz block (with unilateral or bilateral bundle-branch block 
during the conducted beats) is detected in an EGG, pacemaker 
implantation is indicated, in most cases. 

The escape rhythm in infra-His complete AV block arises in 
the conduction tissue distal to the blocks, in the right or left 
ventricle, showing wide QRS complexes (generally QRS 
> 0.14 sec). The ventricular rate is low at 40/min or less. 



Infra-His block is a progressive disease and complete infra- 
His block is never completely reversible. As mentioned before, 
in some patients a fiuctuation between complete AV block and 
sinus rhythm with bilateral bundle-branch block (with or 
without AV block 1° or 2°) may be observed. This represents an 
unstable and dangerous situation because an escape rhythm is 
very unreliable in these cases. 

The His bundle itself may be damaged during open-heart 
surgery, producing complete ‘intra-His block’. Such a block 
may be reversible. 

53.4 Etiology and Clinical Significance of 
Complete AV Block 

53.4a Supra-His 

A supra-His block is mostly encountered in inferior AMI, 
where it occurs in 8% [9,10] and generally persists for hours or 
days. It is reversible in more than 90%. Some patients need a 
provisional pacemaker. If complete block is irreversible a per- 
manent pacemaker is necessary. Occasionally supra-His block 
is seen in digitalis intoxication [11] (Chapter 30 Digitalis 
Intoxication). It is also reversible after digitalis withdrawal, 
within days up to a week. Other rare etiologies include sar- 
coidosis [12,13] and infections like borreliosis [14,15], and con- 
genital AV block [16]. More recently, special attention has been 
drawn to young patients with congenital supra-His complete 
AV block without other heart disease. In this subgroup the inci- 
dence of severe complications, death included, has been under- 
estimated [17-19]. Therefore, these patients should also receive 
pacemakers [i7>i8]. Overall, in patients with permanent pace- 
makers implanted for complete AV block, supra-His block 
accounts for only about 10%. 

5.3.4b Infra-His 

Infra-His block is predominantly due to coronary heart disease 
(CHD) and ‘fibrosis’ of the infra-His conduction system 
(Morbus Lenegre). Rare etiologies include congenitally cor- 
rected transposition of the great arteries [20] and ‘absent His 
bundle’ [16]. For details of the variety of etiologies see 
Chapter 9 Fascicular Blocks. 

In patients with permanent pacemakers implanted for com- 
plete AV block, infra-His block is present in 90%, a fact which 
clearly shows the clinical significance of this type of block. The 
older literature reveals a mortality rate of about 50% within 
6-12 months in patients with untreated complete infra-His block. 
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The Full Picture 




535 His Bundle Derivations 

The intracardiac derivations of the His bundle potential, first 
described by Puech et al in 1970 [21], have definitively made it 
easier to distinguish supra-His from infra-His conduction dis- 
turbances, and - at least as importantly - the differences bet- 
ween ventricular tachycardia and supraventricular tachycardia 
(SVT) with aberration. For some years, the indication for pace- 
maker implantation in bilateral bundle-branch block was guid- 
ed by the behavior of the HV interval [22]. A prolonged HV 
interval was thought to be combined with a faster progression to 
AV block 3°. Later publications have questioned this opinion to a 
certain extent [23]. Today the His bundle potential is still record- 
ed during every invasive electrophysiologic study, for many pur- 
poses. However, in practice it plays a minor role in the selection 
of patients for pacemaker implantation; today it is based more 
on the conventional EGG, Holter registration, and the symptoms. 

53*6 ECG and Anatomical Lesions 

In a series of anatomical investigations Rossi [24] showed that 
there is no strong correlation between the severity of (espe- 
cially) infra-His conduction disturbances and the severity of 
anatomical damage. Relatively small and localized lesions may 
interrupt AV conduction completely, whereas in more severe 
and diffuse lesions AV conduction may be preserved or only 
mildly impaired. 

53 J Therapeutic Conclusions 

It is generally accepted that all patients with chronic complete 
AV block should be treated with a permanent pacemaker, irre- 
spective of the site of the block (infra-His or supra-His). Why 
then are there so many discussions about AV block? Recogniz- 
ing the precursors of complete AV block allows risk stratifica- 
tion. Incomplete supra-His block does not generally develop to 
complete AV block. Yet there are exceptions: 

i. inferior AMI 

ii. digitalis intoxication (should not be overlooked in elderly 
patients with unperceived renal insufficiency) 

iii. some cases with AV block 2° advanced type with Mobitz 
behavior. 

In contrast, incomplete infra-His blocks have a long-term ten- 
dency to progress to complete AV block. The recognition of 
fascicular block, bilateral block and AV block 2° Mobitz type 
allows adequate treatment of symptomatic patients with a 
pacemaker before chronic complete AV block has developed. In 



practice, intermittent episodes of complete AV block can only 
be manifested with an ECG in about half of patients with pre- 
syncope or syncope. Bilateral bundle-branch block or Mobitz 
block associated with typical symptoms are sufficient for pace- 
maker implantation. For the differences between LAFB -t- RBBB 
and LPFB -I- RBBB in respect to development of AV block 3° see 
Chapter 11 Bilateral Blocks. 

6 Special AV Dissociation 

Knowledge about the existence and the mechanism of special 
AV dissociation is far more important than differentiation 
between the three different types, which are defined in a more 
or less arbitrary manner. In fact, they mainly differ in relation 
to the duration of the arrhythmia and to the presence or 
absence of intermittently conducted sinusal beats, along the 
normal AV conduction system. If not combined with SA block 
or intermittent sinus arrest, AV dissociation generally arises in 
sinus bradycardia^ a condition in which the rate of the sinus 
rhythm approaches the inherent rate of the AV junctional cen- 
ter. Special AV dissociation between sinus bradycardia and a 
ventricular center is extremely rare. 

Generally, three types of AV dissociation are distinguished: 

i. Type 1: AV dissociation with accrochage; in this type AV dis- 
sociation occurs only for some beats. 

ii. Type 2: AV dissociation with synchronization; AV dissocia- 
tion is present for minutes or hours, very occasionally for 
days. There is no clear distinction between the two types. 
However in both types, the arrhythmia disappears and 
sinus rhythm arises after exercise (ECGs i2.25a-b) and 
often after a sympathomimetic drug or atropine, if the 
sinus rate clearly exceeds the rate of the AV center. 

iii. Type 3: AV dissociation with interference (interference dis- 
sociation); this type is characterized by intermittent con- 
duction of a sinus beat, a ventricular capture. Again, the def- 
inition is not convincing because capture beats are also 
observed in type 1 with accrochage. In older publications, 
interference dissociation has been attributed to digitalis 
intoxication and/or severe heart disease. In fact this type 
also occurs in healthy individuals. 

6.1 Special Conditions in AV Dissociation 

6.1.1 AV Dissociation in a Postextrasystolic Beat 

AV dissociation in the beat following a (mostly ventricular) 
premature beat is a common feature, seen especially in Holter 
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ECGs. In the EGG the p wave appears immediately before the 
QRS complex or is hidden within the QRS. The sinusal stimu- 
lus is not conducted, the QRS is induced by a postextrasystolic 
AV junctional escape beat. Thus, this AV dissociation for one 
beat is due neither to a common form of special AV dissocia- 
tion nor to AV block, but to almost simultaneous discharge of 
the sinus node (a normal discharge, however relatively late, 
after the premature beat) and the AV junction (escape beat 
after the long postextrasystolic pause). 

6t1t2 Ventriculophasic Sinus Arrhythmia 

In complete AV block with a ‘physiologic’ or ‘artificial’ (pace- 
maker-induced) escape rhythm and a regular sinus rhythm of 
the atria, the discharge of the sinus node is influenced for a 
short period by the ventricular excitation, without retrograde 
AV conduction. If the p wave occurs within about 150 msec 
after a QRS, it appears anticipated by 20-50 msec. It is assumed 
that this phenomenon, like ventriculophasic modulation of 
atrioventricular nodal conduction, is induced by baroreceptor- 
mediated phasic changes in vagal tone [25]. The arrhythmia is 
interesting but has no clinical importance. 

6.1 3 AV Dissociation in Ventricular Tachycardia 

The term ‘AV dissociation’ is not used here in the sense of one 
of the ‘special forms’ of AV dissociation but in the sense of a 
functional complete AV block, due to the tachycardic action of 
the ventricles and to retrograde, concealed (and incomplete) 
conduction in the AV node. In special conditions, the AV node 
is not refractory for a very short time and a sinusal impulse 
may reach and activate the ventricles. This is called ‘ventricular 
capture’ (by the sinus impulse) or ‘Dressier heat\ A fusion beat 
is produced by simultaneous activation of the ventricles by the 
sinusal impulse and the ventricular center. Both phenomena 
prove the ventricular origin of a wide QRS complex tachycar- 
dia. It is useful to know that in about 40% of ventricular tachy- 
cardias there is permanent 1 : 1 retrograde atrial activation 
(Chapter 26 Ventricular Tachycardias). 
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The Full Picture 





ECG12.1 

AV block V, PQ interval 0.28 sec (rate 94/min). 




ECG12.2 P' 

AV block 2*" type 
Wenckebach. The sec- 
ond p of the period is 
partially hidden within 
the T wave. 





ECG12.3 

Sinus rhythm, rate 95/min. AV block V (PQ 0.2 sec) and RBBB.The eighth p wave, without preceding increase of PQ interval, is completely 
AV blocked: AV block 2° Mobitz type. Probably the ninth p is also AV blocked and the following QRS (i) represents a ventricular escape beat 
(PQ before this beat 260 msec). 
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ECG 12,4 

Sinus rhythm, rate 83/min, PQ 
0.21 sec. RBBB.The fourth and 
fifth p waves are AV blocked. 
There is no increase of the PQ 
interval before the pause: AV 
block 2 ° Mobitz. 







ECG U.S 

Continuous monitor stripe, showing Mobitz block. Sinus rhythm, rate 62/min. PQ 0.2 sec. Alternating RBBB. After an atrial premature beat 
15 consecutive p waves are AV blocked, resulting in ventricular asystole of 13 sec. After one ventricular escape beat, sinus rhythm continues. 
Note: the rate of the nonconducted p waves gradually increases, due to sympathetic stimulation. The two first T waves after the pause are 
artificially altered. 



Chapter 12 ECGs 




10 mm/mU 









ECG 12.€ 

Sinus rhythm, rate 92/min, with 2:1 
AV block and ventricular rate of 
46/min.The conducted beats are 
narrow (normal QRS). 





ECG12J 

Sinus rhythm, rate 108/min, PQ normal in conducted beats. RBBB. 
AV block 2'’ 3 : 1, ventricular rate 36/min. One p wave is hidden 
within the apex of the T wave. The ECG changed between 2 : 1, 3 : 1 
and complete AV block within minutes (not shown). 




ECG12J 

Sinus rhythm (of the atria), rate 75/min. Complete AV block with 
wide QRS, rate of ventricular escape rhythm 25/min. 
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ECG12.9 

Patient with acute inferior infarction. ECG: AV block 2'’ Wenckebach 
progressing to AV block 2'' 2 : 1, with a ventricular rate of 23/min. 




ECG 12.10 

Complete AV block in acute inferior infarction (leads I, II, III). Sinus 
rhythm of the atria, rate 120/min (arrows: p waves). AV junctional 
escape rhythm, rate 44/min. 




ECG 12,11 

Bradycardic AV dissociation 'with accrochage', rate about 37/min. 
The first beat is a sinus beat, the PQ time of the second p wave is 
shortened, the third p is hidden within the QRS complex, the last 
p wave appears shortly after QRS. The 3 last QRS are AV junctional 
beats. 
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ECG 12.14 

'Interrupted Wenckebach period'. Before the Wenckebach period 
restarts, an AV junction escape beat arises (third and sixth QRS 
complex). 




ECG 12.15 

47 y/f. Several episodes of pseudo- 
Mobitz and ventricular asystole up to 
4.5 sec, during the first 36 h after 
removal of the gall-bladder, while in 
the intensive care unit. Condition: 
nausea or vomiting. Rhythm strip: 
sinus bradycardia 53/min, normal 
QRS duration. Sudden 2 : 1 AV block 
for one cycle, then complete AV block 
without ventricular escape rhythm. 
The arrhythmias disappeared spon- 
taneously, together with episodes of 
nausea. Holter ECG was normal. Like 
comparable cases, the patient had 
no cardiac complaints in the next 
years. 




ECG 12.16 

64 y/m. CAD. Paroxysmal atrial flutter. ECG: atrial flutter with irreg- 
ular AV conduction. The distance between the flutter waves and 
the QRS complexes varies constantly. Explanation: 2 : 1 AV block 
with superimposed Wenckebach phenomenon. 
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Chapter 12 ECGs 










ECG 12.17a 

86 y/f. CAD. Several episodes of syn- 
cope. AV block 2° 2 : 1 . Sinus rhythm, 
rate 74/min, with RBBB and LAFB. 




ECG 12.17b 

Same patient. Irregular sinus 
node activity (additional SA 
block). The second QRS (and 
probably also the first beat, 
p missed) is conducted. Then 
two p waves are AV blocked. 
The last beat is a ventricular 
escape beat > > > progres- 
sion to complete AV block. 




162 





ECG 12.18 

42 y/m. Guillain-Barre syndrome. Leads V 3 to V 5 . ECG mimicking 
2 : 1 AV block. At a first glance, an unspecific alteration of the repo- 
larization mimics 2 : 1 AV block. However in other leads no second 
p wave is detectable (not shown), and the distance from p to pseu- 
do-p is longer than the one from pseudo-p to p. 




ECG 12.19 

Short Story/Case Report 1 . ECG leads I, II and III written with 10 mm/sec. Complete AV block with an atrial rate of 66 /min and a ventricular 
rate (see R) of 16/min. Lower curve: arterial pressure. Note: coughing (C) induces impressive systolic pressure waves (and artifacts in the ECG 
(A)). S = systolic pressure induced by ventricular escape rhythm. C + S = summation of S and coughing. 
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Cont. 




EM 1Z,2() 



Complete AV block supra-His + LBBB aberration. Complete AV block 
with AV junction escape rhythm, rate 66/min. A ventricular escape 
rhythm can be excluded by the relatively high rate and the typical 
LBBB aberration pattern (leads to Vg). 
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ECG 12.21 

Complete AV block supra-Hls + RBBB 
aberration. Complete AV block with AV 
junction escape rhythm (rate 70/min) 
and RBBB aberration (see the typical 
rsR' configuration in V^ and V 2 ). 




ECG 12.22 

AV biocked atrial premature beat. The fourth complex is an atrial 
premature beat, the fifth p is AV blocked (scarcely visible in the 
upper Holter stripe; easily detectable in iower stripe). 




ECG 12.23 

AV blocked atrial premature beat. An AV blocked p is visibie, only 
with care, within the T wave of the third cycle, before the pause. 
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EC6 12.24 

Short Story/Case Report 2. AV 
blocked atrial PBs in bigemlny, 
resulting in bradycardia of 47/min. 
The first blocked p wave is partial- 
ly hidden within the T wave. 




ECG12.2Sa 

56 y/m. AV dissociation at rest 
(rate 84/min). 




ECG 12.25b 

Same patient. Sinus tachycardia at 
exercise with 7 MET. 
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Chapter 13 

Myocardial Infarction 



At a Glance 



Besides cardiac arrhythmias, myocardial infarction (Ml) 
represents the most important subject in electrocardio- 
graphy, due to the high prevalence and severity of the disease. 

About 40%-50% of acute and old Mis can be recognized in 
the ECG by typical ST elevation and/or pathologic Q waves, 
many cases with combined infarctions or with right bundle- 
branch block (RBBB) included. Another 20% of Mis are 
detectable by comp/ex ECG patterns (with bundle-branch block 
or fascicular blocks) and by special ECG patterns (e.g. the so- 
called "non-Q-wave infarction' or new nonsignificant Q waves). 

After the introduction of urgent percutaneous translum- 
inal coronary angioplasty (PTCA) and fibrinolysis, the accurate 
diagnosis of acute Ml has become more important than ever. 
It is therefore also necessary to recognize atypical infarction 
patterns and to consider the differential diagnosis of the 
Q wave, of the ST elevation, and of the T wave. 

Etiology 

More than 90% of Mis are due to atheromatous coronary arter- 
ies with consecutive thrombosis, the latter often provoked by 
plaque rupture. Coronary artery spasm seems to contribute to 
necrosis in many cases. MI may also occur as a bystander dis- 
ease in conditions such as aortic dissection, connective tissue 
disease, cardiac trauma, tumors, cocaine abuse among others. 
Congenital MI (due to coronary artery anomalies) is extreme- 
ly rare. 

ECG 

About 70% of Mis are recognizable in the ECG, based on well- 
defined criteria. About 30% of acute and old Mis are not rec- 
ognizable in the ECG. The reasons are: 



i. small infarctions 

ii. infarctions associated with left bundle-branch block 
(LBBB) 

iii. multiple infarctions, where one infarction pattern masks 
the other 

iv. and last, but not least, because the ECG is an indirect 
method. 

It is therefore astonishing that so many Mis can be recognized 
in the ECG, in many cases with reliable determination of local- 
ization and stage. Often the clinical evolution of MI can be 
observed, corresponding also (like pericarditis) to an evolution 
of ECG alterations. 

1 ST Vectors, Q Vectors and T Vectors 

Thanks to an electropathophysiologic rule - or perhaps to a 
gift from God - the infarction pattern at any stage appears in 
the direct detecting leads, irrespective of the pre-existing QRS 
configuration, whether it is a qR complex, an rS complex, or 
another QRS complex. This fact very much simplifies the diag- 
nosis of ‘classical’ acute and old MI. 

The injury (lesion) ST vector points to the region of infarc- 
tion, resulting in ST elevation (Figure 13.1a). 

The necrosis QRS vector points in the opposite direction to 
the infarcted area, producing a pathologic Q wave or QS wave 
(Figure 13.1b). 

Similarly, the so-called ischemia vector (in ‘chronic 
ischemia’) points away from the infarction zone, resulting in 
negative and symmetric T waves (Figure 13.1c). For definition of 
the different grades of ischemia see Chapter 1 Theoretical 
Basics. 
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At a Glance 




2 Stages of Myocardial Infarction 

Principally there are four different approaches for the descrip- 
tion of the stage of MI (acute/subacute/old), concerning differ- 
ent aspects: 

i. the electropathophysiologic evolution or 

ii. the international nomenclature or 

iii. the histopathologic evolution or 

iv. the clinical findings and the general clinical experience. 

This is a source of general confusion, because the four different 
approaches do not coincide in time evolution (details about the 
different nomenclatures for the stages are given in the section 
The Full Picture and in Figure 13.4). 

Regarding the electrophysiologic evolution, three stages can 
be distinguished, each one characterized by typical alterations 
of repolarization and depolarization: 

2.1 Acute Stage 

Marked ST elevation (generally > 3 mm, up to 12 mm). This 
represents a transmural lesion (transmural injury). 

2.2 Subacute Stage 

Moderate ST elevation plus Q waves or QS waves. This repre- 
sents minor injury and necrosis. The T wave is generally nega- 
tive and symmetric, representing ischemia. 

23 Old (Chronic) Stage 




‘Classical’ Q waves (duration > 0.04 sec) or QS waveSy with iso- 
electric ST segment. A Q wave or QS wave due to infarction rep- 
resents necrosis. The T wave remains negative or has normalized. 

Note: For the description of the EGG examples in this book, the 
international nomenclature (that does not distinguish between 
acute and subacute MI) is used However, where it is convenient 
and possible, the effective age of infarction is mentioned (in 
hours, days, months, and years). 



Figure 11.1 > 

ST vector, QRS vector and T vector in myocardial infarction 

a. ST injury vector 

b. QRS vector in necrosis 

c. T ischemia vector 
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3 Localization of Q-Wave Infarction 

According to its localization, the infarction pattern manifests it- 
self in different leads. If one considers the three-dimensional 
exploration of the cardiac vectors by the 12 standard EGG leads, 
it is easy to determine the localization. The direct (‘optical’) cor- 
relation between the localization of infarction and the exploring 
leads is schematically demonstrated in Figures 13.2a-13.2f, as 
well as the most frequent localizations of coronary artery 
obstruction, for each infarction localization. Figure 13.3 shows 
the nomenclature for the coronary arteries and branches. 

3.1 Anteroseptal Infarction 

See Figure 13.2a. As the leads and are placed over the 
interventricular septum (and over the apex), anteroseptal 
infarction will produce the typical pattern in these leads (plus 
in Vj), according to the infarction stage. 

EGG 13.1a (EGG 13.1b after thrombolysis), EGG 13.2 and 
EGG 13.3 show an acute MI; EGG 13.4 is an old anteroseptal 
infarction involving the apex. Leads I and aVL are not influ- 
enced, because they explore anterolateral regions of the left 
ventricle. 

3.2 Extensive Anterior (Anterolateral) 
Infarction 

See Figure 13.2b. Anterolateral infarction includes infarction of 
the septum, the apex and lateral portions of the left ventricle 
(LV). Therefore, the infarction pattern is seen not only in the 
leads (Vj) to but also in lead and often V^. In this 
infarction type the pattern is also detected by leads I and aVL 
(in the latter when the high lateral portion of the LV is 
involved). EGG 13.5, EGG 13.6a, EGG 13.6b and EGG 13.7 are 
examples of acute extensive anterior (anterolateral) MI; 
EGGs 13.8 and 13.9 are examples of old anterolateral infarction. 

33 Lateral Infarction (isolated Ml of the 
Lateral Wall) 

See Figure 13.2c. This infarction is rare in its isolated form. As 
the leads and directly explore the lateral wall, the typical 
pattern is seen in these leads. Depending on the infarct size the 
typical signs may also be present in leads I and aVL. In high lat- 
eral infarction the best direct (and sometimes the only) explor- 
ing lead is lead aVL. Therefore, this MI type can easily be over- 
looked. 



EGG 13.10 shows acute high lateral and posterior MI, with 
ST elevation only in lead aVL and extensive ‘mirror images’ in 
other leads. EGG 13.11 shows a 4-day-old high lateral MI with a 
pathologic Q wave in aVL and symmetric negative T waves also 
in V5/V6 (in these leads there are no pathologic Q waves). 

3>4 Inferior Infarction 

See Figure i3.2d. According to Einthoven’s triangle, the leads III 
(at -h 120°), aVF (at + 90°) and II (at -H 60°) directly reflect infe- 
riorly oriented vectors. The pattern of inferior infarction will 
therefore be detected in these leads. In practice, the alterations 
are best seen in leads aVF and III, less distinctly in lead II. 
However, a Q wave also in lead II favors the diagnosis of inferi- 
or infarction, whereas in pulmonary embolism a Q wave in II is 
lacking. 

EGGs 13.12 and 13.13 show acute inferior ML In a substantial 
number of cases, acute inferior MI is associated with a ‘right 
ventricular infarction’ (see 3.6 below). EGGs 13.14 and 13.15 
show an old inferior ML 

33 Posterior (True' Posterior) Infarction 

See Figure i3.2e. For one special reason this infarction pattern 
is difficult to understand. According to the definition of patho- 
logic Q waves, and with reference only to the 12 standard EGG 
leads, the pattern is not a Q-wave infarction. We only see the 
mirror image of the original pattern in some of these leads. The 
additional posterior leads V^, Vg and provide the direct 
infarction pattern. The mirror image is seen in the anterior 
(anteroseptal) leads and V3 (and sometimes Vj), consisting 
of an ST depression (instead of an ST elevation) and/or a great 
and broad R wave (instead of a broad Q wave), depending on 
infarction stage. In the absence of pathologic Q waves and/or 
ST elevation in the 12 standard leads, the possibility of infarc- 
tion is often not considered. Thus, in the presence of the fol- 
lowing alterations in leads to the diagnosis of posterior 
infarction should always be confirmed or excluded with the 
help of leads to V^: 

i. single R wave and/or an Rs complex, with an R duration of 
> 0.04 sec 

ii. isolated ST depression 

hi. combination of (i) and (ii). 

EGGs 13.16 and 13.17 show acute posterior ML EGG 13.18 reflects 
an old posterior ML 
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Figure 0.2a^d 

Correlation between localization of infarction and occlusion of 
coronary artery (arrow), and exploring ECG leads 
a. Anteroseptal infarction 



b. Extensive anterior infarction (anterolateral infarction) 

c. Isolated lateral infarction 

d. Inferior infarction 
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Figure 13.2e-f 

Correlation between localization of infarction and occlusion of 
coronary artery (arrow), and exploring ECG leads 



An Rs complex with a relatively high and broad R wave 
(> 0.40 sec) in leads to is not rare in healthy - especially 
young - individuals, whereas an isolated ST depression in these 
leads does not exist in an otherwise normal ECG, and conse- 
quently suggests acute posterior MI. In doubtful cases and in 
combination with clinical signs, an echocardiogram or even a 
coronary angiography should be considered. 

3.6 Right Ventricular Infarction 

See Figure i3.2f. An isolated right ventricular infarction is 
extremely rare. However, an acute inferior infarction (and no 
other infarction type) is combined with an acute right ventric- 
ular (RV) infarction in a strikingly high percentage of cases of 
about 40%, generally in cases with proximal occlusion of the 
right coronary artery. In contrast to posterior infarction, right 
ventricular infarction does not produce a mirror image in any 
of the standard leads. The direct infarction pattern is only 
detectable with the additional right ventricular leads V^R, V^R, 
V^R and sometimes V^R. Acute inferior MI combined to acute 



e. Posterior infarction 

f. Right ventricular Infarction' (combined to inferior infarction) 



right ventricular ‘infarction’ is frequently associated with atrio- 
ventricular (AV) block of all degrees (ECG 13.19a). 

ECGs I3.i9b-i9c and ECG 13.20 show ‘right ventricular 
infarction’ in acute inferior MI. 

As a strong rule, the right ventricular leads V^R to V^R must 
be applied as soon as possible in every patient with an acute 
inferior infarction. The medical treatment differs in the pres- 
ence of right ventricular infarction. Moreover, the typical ECG 
signs for right ventricular infarction disappear in 50% of cases, 
48 h after the first symptoms. One week after right (and inferi- 
or left) ventricular infarction, the typical signs of right ventric- 
ular infarction are often no longer detectable in the ECG and 
right ventricular contraction has generally normalized. This 
proves that‘RV infarction’ is not a real infarction but represents 
a severe but reversible ischemia of the right ventricle, corre- 
sponding to hibernating myocardium. However, the term ‘RV 
infarction’ is still in general use. 

By far the best - often life-saving - therapeutic intervention 
of acute inferior MI with right ventricular infarction is imme- 
diate PTCA. The second best is thrombolysis. 





171 



At a Glance 







Right ventricle-^ 

Right coronary 
artery (RCA) 



Main left coronary 
artery (LCA) 

S' Circumflex artery (CX) 
of the LCA 

Left anterior descending 
artery (LAD) of the LCA 



" Major diagonal branch 
of the LCA 



-- Left ventricle 



Interventricular septum 



Right ventricular,*'-'-"' 
branches of the RCA 



Posterior branch,-'' 
of the RCA 

Diaphragmatic branch of the RCA 
(Ramus interventricularis posterior) 



Figure 13.3 

Anatomy of the coronary arteries 



4 Differential Diagnosis of 'Classical' 
Infarction Patterns (PatKologic 
Q waves, ST Elevation, Abnomnal 
T Waves) 

See Table 13.1. The differential diagnosis of formeLWy pathologic 
Q waves is extensive and includes, for example, hypertrophic 
obstructive cardiomyopathy, pulmonary embolism, normal 
variants (QmO and as an artifact in false poling of the limb 
leads (discussed extensively in Chapter 14 Differential 
Diagnosis of Pathologic Q Waves). 

ST elevation is seen in pericarditis (ST < 3 mm, concave, 
without development of pathologic Q waves), as a mirror 
image of ST depression due to left ventricular (LV) overload or 
left bundle-branch block, in ‘early repolarization’, in the 
Brugada syndrome, and in other conditions. ST elevation with 
an amplitude of several millimeters may also be present as 



normal variant in leads and (EGG 13.21). In Prinzmetal 
angina the elevated ST segment returns (with or without chest 
pain) to the isoelectric line, generally within a few minutes, up 
to 20 min. Often episodes of reversible ST elevation can only be 
detected in an ambulatory EGG. Of course those patients need 
further evaluation (with coronary angiography), because sig- 
nificant coronary artery stenosis is common. 

The so-called non-Q-wave infarction pattern is character- 
ized by negative symmetric T waves (about 2-7 mm) in several 
precordial leads, and in I, II and/or aVL (EGG 13.22), or in leads 
III and aVF. The differential diagnosis of negative and sym- 
metric T waves is extensive and includes ischemia without 
necrosis, subacute or chronic pericarditis, the so-called ‘syn- 
drome X’ and many other conditions (Table 13.1). 

Tall, positive and symmetric or symmetroid T waves are not 
only seen occasionally in the very early (peracute) stage of MI 
but also in hyperkalemia and in normal patients with sinus 
bradycardia (in leads V^/V^). 
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To summarize: for the diagnosis of MI, it is extremely important 
to consider the history, the symptoms, and the clinical findings 
and, in suspected acute or subacute infarction, the laboratory 
findings such as creatin kinase (CK), myocardial-bound CK 
(CK-MB), troponin, and myoglobin. The presence of several 
risk factors for coronary heart disease augments considerably 
the probability of infarction of all stages (Bayes theorem). 

5 Complex Infarction Patterns 

The term ‘complex infarction patterns’ is used for infarction in 
combination with the classical intraventricular conduction dis- 
turbances: left bundle-branch block (LBBB), right bundle- 
branch block (RBBB), left anterior fascicular block (LAFB), left 
posterior fascicular block (LPFB), and bilateral blocks. 

An old infarction associated with LBBB is diagnosable with 
reliability in the presence of certain criteria (high specificity) 
such as: 

i. Q wave in at least two of the leads I, aVL, V^, 

ii. regression of R wave amplitude from to 

iii. notching of the S wave in to V^, the ‘Cabrera sign’. 

However, in the absence of these signs, an old MI cannot be 
excluded (low sensitivity). An acute myocardial infarction with 



LBBB may be suspected or even diagnosed by the unusual 
behavior of repolarization, for example ST elevation instead of 
LBBB-related ST depression (details of MI and LBBB are cov- 
ered in the EGG Special section below). 

In contrast, an old infarction in RBBB is generally easy to 
identify in inferior and anterior localization. Identical patho- 
logic Q waves are present (as without RBBB) because necrosis 
influences the first about 40-60 msec of the QRS complex, 
whereas RBBB produces alterations of the last 50-60 msec of 
QRS (EGG 13.23). Paradoxically, an acute MI in RBBB is some- 
times overlooked. However, the diagnosis may be suspected (as 
in LBBB) on the basis of unusual ST alterations that are not 
related to RBBB. 

LAFB may imitate or mask an old anteroseptal infarction, 
or mask an inferior infarction. The latter condition is very rare. 
Extensive anterior infarction is detectable in spite of LAFB. 

LPFB represents a special condition. In practice, this rare 
conduction disturbance occurs only (more accurately in 95% 
of cases) in inferior MI, often completely masking the infarc- 
tion. The LPFB pattern is similar to a normal EGG, the typical 
alterations are subtle. EGG 13.24 shows LPFB completely mask- 
ing an old inferior MI, EGG 13.25 provides a similar pattern in 
a young healthy individual. In patients at the age > 40 years, 
with an AQRSp of about -H 60°, and with or without suspicious 
Q waves in leads III and aVF, the diagnosis of inferior infarc- 



Tat>le 13.1 

Differential diagnosis of acute and old myocardial infarction in the ECG 



1 Acute infarction 


Old infarction 


Classical no n -Q i nfa rcti cm I 


ST T without Q 


Pathologic Q, Isoelectric ST 


T inversion only 


Prinzmetal angina 


Normal variants: 'Q,u'; QS in Vj/Vj 


Ischemia without infarction 


Eaily repofarization 


LVH-Q,,,' 


Ventricular overload 


Pericarditis 


False poling 


Normal variants 


Mirror image of LV overload 


Pre-excitation (WPW) 


Syndrome X 


Rare conditions such as Brugada syndrome 


LBBB 


Pericarditis (stage 3 and 4) 


Pneumothorax 


HOCM 

Situs inversus 
Other rare conditions* 


Myocarditis 
Anemia 
Pancreatitis 
Funnel chest 
Upright position 
Drugs 

Many other conditions** 



HOCM, hypertrophic obstructive cardiomyopathy; LBBB, left bundle-branch block; LVH, left ventricular hypertrophy; WPW,Wolff-Parkinson-White syndrome. 
* Discussed in Chapter 1 4 Differential Diagnosis of Pathologic Q waves. 

** Discussed in Chapter 1 7 Alterations of Repolarization. 



173 



At a Glance 






tion with LPFB should be considered - especially in patients 
with risk factors for coronary heart disease. For details about 
LPFB see the section 6 in Chapter 9 Fascicular Blocks. 

6 Special Infarction Patterns 

Principally, the special patterns of MI are identical to non-Q- 
wave infarctions. Note that this definition is based on the 
absence of a broad Q wave, with a duration of > 0.04 sec. 
Therefore MI patterns with a Q wave < 0.04 sec are included in 
the ‘non-Q wave’ patterns. 

The special infarction patterns include: 

i. Patterns without Q waves: a) symmetric negative T waves 
(classical non-Q-wave infarction); b) ST depression 
> 3 mm. 

ii. Patterns with reduction of R wave amplitude and with 
Q waves in the classical leads (for instance in aVF and III, 
in inferior infarction) with a duration of < 0.04 sec. 

hi. New and/or small Q waves (< 0.04 sec) in leads where they 
should not be present. 

iv. An RSR’ pattern in leads I and aVL and/or in > two pre- 
cordial leads to V5. 

In the conditions (ii-iv) the presence of symmetric negative 
T waves in the respective leads may be helpful for diagnosis. 

The so-called non-Q-wave infarction pattern represents the 
most important and most frequent special pattern. It is charac- 



The Full Picture 



It is not sufficient for an ECG reader only to be able to identify 
a classical Q-wave pattern of old inferior or anterior myocar- 
dial infarction (MI). Patients are not interested whether their 
MI can be detected in the ECG at first glance or whether it is 
difficult to diagnose (e.g. in the case of mirror image of infarc- 
tion signs, or in the presence of intraventricular conduction 
defects). What is your opinion? If a close relative or a friend 
had an infarction that was difficult to detect in the ECG, would 
you accept the fact that the ECG reader responsible would not 



terized (also in the acute stage!) hy symmetric, negative T waves 
in leads to (V5) and often I and aVL by normal or only 
slightly reduced R waves (ECG 13.26). A non-Q-wave infarction 
pattern in leads III and aVF is rare. In the acute stage, ST may 
be minimally elevated, with above-convex configuration. The 
infarction may be transmural or nontransmural 

In patients with non-Q-wave infarction, a Q-wave infarction 
occurs in about 30% in the following 6 months. Therefore, early 
coronary angiography is mandatory in order to confirm the 
diagnosis, with performance of PTCA or coronary artery 
bypass grafting (CABG) if necessary. 

Sometimes we find a ‘mixture’ of non-Q-wave infarction 
and Q-wave infarction. The predominating typical deep and 
symmetric and negative T waves are associated with patholog- 
ic Q waves in one or more leads (ECG 13.27). This pattern is by 
definition a Q wave MI. In ECG 13.28 a late ventricular prema- 
ture beat (VPB) reveals pathologic Q waves in the precordial 
leads - but this is not a reliable sign. The morphology of VPBs 
may also imitate a Q-wave MI. 

Conclusion 

The general rule is that only a well-instructed ECG reader (who 
is also a good clinician) should interpret ECGs and arrhyth- 
mias; this rule is especially valid when applied to cases of sus- 
pected MI. 



be able to make, or even suppose, the correct diagnosis and 
therefore introduce an adequate therapy? Or would you be 
happy if this patient were to undergo fibrinolysis or urgent 
coronary angiography on the basis of an innocent thoracic 
pain and ST elevation corresponding to a normal variant of the 
ECG (such as an ST elevation of 2-3 mm in leads V^/V^)? Worse 
still is the fact that an undiagnosed acute MI often has severe 
consequences and leads to death in many people. 
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7 Etiology and Prevalence 

7.1 Arteriosclerotic Coronary Artery 
Disease (Common) 

MI generally develops in patients with atheromatous coronary 
arteries. The pathogenic mechanisms have been discussed by 
Fischer et al [i] and Gutstein and Fuster [2]. 

Coronary artery spasm is the mechanism for vasospastic or 
Prinzmetal angina [3]. This coronary spasm represents an 
important coexisting pathophysiologic factor in the evolution 
of MI [4,5]. Risk factors include contraceptives and nicotine 
(especially in combination), and cocaine. Coronary spasm and 
late resolution of thrombotic material are the most probable 
causes of infarction in patients with normal coronary arteries. 
This is true in most cases also for acute MI during pregnancy 
or within the first three months after delivery, a rare but often 
misdiagnosed event, with a high mortality of 2o%-38%(!). In 
these women, generally aged 30 to 40 years, dissection of coro- 
nary arteries has also been described [17]. ECGs 13.29, i3.3oa-b 
and 13.31 show cases of spasm-induced reversible ST elevations. 
If the spasm affects the right coronary artery (RCA), intermit- 
tent atrioventricular ( AV) block 2° or 3° may be observed. 

7.2 Congenital Coronary Artery Disease 
(Rare) 

Coronary artery fistula is an abnormal connection between a 
normal coronary artery and the right heart or the pulmonary 
artery, often producing a typical systolodiastolic murmur. The 
consequences, due to left- to -right shunt and coronary steal 
effect, are heart failure, anginal pain, and very occasionally 
infarction that appears after the age of 20 years. 

The origin of the left coronary artery from the pulmonary 
artery (Bland- White-Garland syndrome [6]) is a special entity 
with a worse prognosis, and which leads to MI in the newborn, 
arrhythmias, and sudden death. An extraordinary case of a 
patient who has reached adult age is presented. 

Short Story/Case Report 1 

In 1976 a 41-year-old woman without cardiac history who 
drove daily to work suffered syncope and was clinically inves- 
tigated. The heart was slightly enlarged and moderate mitral 
incompetence was diagnosed with a systolic 2/6 murmur over 



the apex. The abnormal Q waves in the precordial leads were 
misinterpreted as septal ventricular hypertrophy (that EGG 
was unfortunately lost); the syncope was misdiagnosed as 
vagovasal. Some months later, while shopping, the patient had 
another severe syncope with cardiac and respiratory stand- 
still. She was immediately reanimated by a cardiac pediatri- 
cian just passing by, and hospitalized, where the ventricular 
fibrillation was treated by external shock. Coronary angiogra- 
phy revealed an abnormal origin of the left coronary artery 
from the pulmonary artery, a great akinetic zone anterolater- 
ally, and a reduced LV ejection fraction of 40%. On operation, 
the abnormal left coronary artery was closed at its origin from 
the pulmonary artery and an aortocoronary venous bypass 
was connected to the left coronary artery. Some months later 
the woman returned to work with improved LV function 
{50%), and only mild mitral incompetence. In the EGG, 
R waves appeared in the precordial leads (ECG unfortunately 
lost). Fourteen years later the patient was still well, without 
cardiac failure (although she has now been lost from control). 

Abnormal passage of the left or right coronary artery between 
the aorta and the pulmonary artery/right ventricle is due to 
aberrant origin of the coronary artery from the contralateral 
aortic sinus. MI and sudden death may occur [7]. 

Coronary artery anomalies in various forms may be associ- 
ated with congenital heart diseases [8,9]. 

Myocardial bridging, leading to narrowing of the proximal 
or middle part of the left anterior descending coronary artery 
(LAD) (rarely of circumflexa [CX]) may induce angina, and 
exceptionally infarction [10]. In children with hypertrophic 
cardiomyopathy it may represent a risk factor for sudden 
death [11]. 

73 other Conditions of Coronary Artery 
Disease (Rare) 

All of the following conditions are very rare compared to the 
common cause of coronary heart disease (atheromatous alter- 
ations of the coronary arteries and consecutive thrombosis). 

Diseases of the aorta include dissection, Takayasu arteritis, 
and syphilis. Dissection of the aorta type A provokes MI in 
some cases, due to dissection of a coronary artery or to 
obstruction by hematoma. In a study of 89 patients, Hirata et al 
[12] found acute ST-T changes in more than 50% of type A dis- 
section and in 20% of type B dissection. The authors attribute 
the ECG abnormalities to involvement of the ostial coronary 
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artery, shock from tamponade, and pre-existing coronary artery 
disease. The other conditions mentioned are extremely rare. 

Another rare condition is coronary embolism^ in patients 
with bacterial endocarditis, prosthetic valves, left atrial myxo- 
ma, mural thrombus in LV aneurysm, or in severe dilating car- 
diomyopathy. 

MI during or shortly after therapeutic interventions are 
encountered in coronary artery bypass grafting (CABG) and 
percutaneous transluminal coronary angioplasty (PTCA). 
Infarction in patients with CABG is more frequent than expect- 
ed and varies between io% and 20% [13,14]. Only in rare cases 
does a great infarction occur. 

Short Story/Case Report 2 

[With the kind permission of the patient.] 

A 5 9 -year-old man (whose last name is Frischherz, mean- 
ing ‘fresh heart'), suffered from angina due to severe three - 
vessel coronary disease, with a normal LV ejection fraction 
(EF) of 72%. Mild valvular aortic stenosis was present. The 
EGG (13.52a) showed a probable LV hypertrophy with some 
alteration of the repolarization. In September 1990 a quintu- 
ple aortocoronary bypass operation was performed. Imme- 
diately afterwards, ST elevation in the inferior and lateral 
leads was observed, but on immediate reoperation no abnor- 
malities of the grafts could be detected. However, a great 
inferolateral infarction occurred with atypical EGG signs 
(EGG 13.32b) and a reduction of EF to 45%. During the fol- 
lowing years, progressive heart failure developed due to 
rapid progression of aortic stenosis with an aortic valve- 
opening area of 0.9 cm ^ and a severe diffuse progression of 
coronary artery disease, with at least four of the five grafts 
open, on coronary angiography. The EF was 25% in 1997. 
During the winter of 19 97-9 S end-stage heart failure devel- 
oped and in May 1998, heart transplantation was performed. 
Besides intermittent renal failure, the course was uneventful 
4 years after the operation, everyone is happy for Mr Frisch- 
herz - with his fresh heart and near-normal ECG 
(EGG 13.32c). 

Rossiter et al [15] found, in combined valvular and coronary 
bypass surgery, an incidence of perioperative infarction of 21% 
in aortic valve replacement plus CABG, and of 5% in mitral 
valve replacement plus CABG, respectively. Improvements in 
surgical techniques have considerably lowered mortality and 
perioperative infarction rates [16]. Furthermore, the technique 
of aortocoronary bypass without using extracorporal circula- 



tion shortens operation times and may minimize the incidence 
of perioperative infarction. 

The incidence of acute infarction during or shortly after 
PTCA is much lower at about 1.6% [18]. Patients undergoing 
PTCA have generally milder coronary artery disease [CAD] 
and a better LV function than patients who need bypass sur- 
gery. Moreover, the interventional cardiologist can immediate- 
ly visualize an obstruction or spasm and prevent infarction by 
a prompt reintervention. 

Cocaine has become one of the most frequent causes of 
acute MI in young people in some countries. If taken intra- 
venously, cocaine leads to vasoconstriction and arterial hyper- 
tension within minutes; if sniffed, this happens within an hour. 
Coronary artery spasm may enhance thrombus formation and 
plaque rupture. An unusual progression of coronary artery dis- 
ease was observed in some patients. Acute MI (generally occur- 
ring within 1 h after cocaine intake) was observed with normal 
or stenotic coronary arteries [19,20]. 

Other rare causes of MI are connective tissue diseases 
(lupus erythematodes, periarteritis nodosa, rheumatoid 
arthritis), amyloidosis, neurologic disorders (Friedreich ataxia, 
progressive muscular dystrophy), penetrating and nonpene- 
trating cardiac trauma, primary and metastatic heart tumor, 
homocystinuria, and contraceptives (especially in combination 
with nicotine). Some cases are described after carbon monox- 
ide poisoning and after honeybee stings [21]. Cerebral hemor- 
rhage and severe shock may lead to subendocardial infarc- 
tion [22]. 

ECG Special 

8 Nomenclature of Infarction Stages 

As mentioned in the previous section, there are four different 
approaches for describing the stages of MI that do not coincide 
in time evolution and which cause some confusion. Each 
approach considers different aspects of MI (Figure 13.4). 

8.1 Electropathophysiologic Evolution 

This ECG description considers the electropathophysiologic 
evolution of MI. The acute stage (only ST elevation) lasts for 
some hours, the subacute stage (ST elevation plus pathologic Q 
or QS waves) lasts several days (up to 1 week), followed by the 
chronic stage (only pathologic Q/QS, without ST elevation). 
Thus, a 5-day-old infarct cannot be distinguished from one that 
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□ Acute Ml □ Subacute Ml ■ Old ('chronic') Ml 




Days 



Weeks 



Figure MA 

The four different descriptions of infarc- 
tion stages and their relation to time 



is several years old on the basis of the ECG alone. The behavior 
of the T wave is not reliable. 

8.2 International Terminology 

ECG descriptions can follow international terminology. This 
nomenclature does not distinguish between the acute and sub- 
acute stages (in the sense of the electropathophysiologic 
description mentioned above). Every infarction stage with 
ST elevation - without or with pathologic Q/QS - is described 
as ‘acute’. The term ‘subacute’ is used when the ST segment has 
returned to the isoelectric line. Consequently, the subacute 
stage cannot be distinguished from the old stage on the basis 
of the ECG alone. T alterations may or may not help to distin- 
guish between the two. 



er, that great operative interventions should only be performed 
6 weeks after the onset of MI (after healing of the infarction). 
Figure 13.4 illustrates the four different approaches for the 
stages of MI in relation to time. It must be mentioned that the 
ECG stage of infarction varies considerably depending on indi- 
vidual evolution and on therapy. Fibrinolysis or emergency 
PTCA generally shortens the acute stage. 

As mentioned before, this book uses international nomen- 
clature for the description in the ECG examples. However, this 
approach does not distinguish between subacute and acute 
infarction (as the electrophysiologic nomenclature does). 

The acute and subacute stages are summarized under the 
term ‘acute stage’ and are characterized by ST elevation, with- 
out or with Q waves. In order to avoid confusion, we give - 
where possible - the real age of infarction in hours, days, 
weeks, months or years. 



83 Histopathologic Evolution 

This is a description of infarct stage based on histopathologic 
evolution, without taking ECG alterations into consideration. 
The acute stage lasts for days. The subacute stage lasts about 
6 weeks, up to histopathologic healing of infarction (fibrotic 
scar). Thereafter the infarction is described as old. 



9 Combination of Infarction Patterns 

We distinguish between the combination of infarction of two 
(or three) adjacent myocardial areas, and the combination of 
infarction of separated or opposite areas. 



84 Clinical Findings and Practical 
Experience 

Estimation of infarction stages may rely on clinical findings 
and practical experience. The acute stage lasts for a few days 
and the subacute stage for 2-3 weeks. After this time, the 
patient is usually allowed to work again. It is accepted, howev- 



9.1 Infarction of Adjacent Areas 

The five locations of left ventricular MI mentioned in the pre- 
vious section are arbitrary. An adjacent area is often also 
involved by the infarction. In fact, anterolateral MI is a combi- 
nation of two adjacent infarcted areas, one anteroseptal and 
the other anterolateral. Another common combination is pos- 
terolateral MI. 
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In some cases of posterior MI, lateral involvement may be 
present but difficult to identify. If the R wave diminishes from 
lead to V^, together with augmentation of the Q wave from 
V4 to Vg, there is partial involvement of the lateral wall, espe- 
cially if the T wave in (and V^) is negative (ECG 13.33). 

Inferoposterior MI is a common combination (ECG 13.34 and 
13.35). Inferolateral (ECG 13.36) and inferoposterolateral MI are 
also not rare. In the inferoposterior combination, we may find 
a Q or QS or a minimal initial R wave in the inferior leads 
(ECGs 13.37-13.39). In all these cases, the diagnosis is made by 
the presence of typical alterations in the corresponding leads. 
Often one localization is dominant, and at the other location 
the alterations are only borderline (ECG 13.40). Generally, this 
type of combined localization, such as inferoposterior and 
inferoposterolateral, is caused by one occluded great coronary 
branch of the left coronary artery (mostly CX) or an occluded 
dominating right coronary artery. 

9.2 Infarction of Separate or Opposite 
Localization 

The typical ‘double infarction’ affecting two separate areas of 
the left ventricle is the combination of anteroseptal and inferi- 
or MI. Again, the ECG diagnosis is made by alterations in the 
different corresponding leads (ECGs 13.41-13.44). In this type 
of MI, occlusion of the right coronary artery, also of a branch 
of the left coronary artery, can be assumed. 

In relatively rare cases, MI patterns of opposite localization 
may mask each other (ECG 13.45). In these patients severely 
impaired LV function is often erroneously attributed to ‘dilat- 
ing cardiomyopathy of unknown etiology’, whereas in fact 
severe coronary artery disease with multiple infarcts is present. 
Differentiation may also be difficult in the echocardiogram. 
Also, in combined posterior and anteroseptal (or anteroapical) 
infarction the diagnosis is difficult or impossible, because the 
ECG alterations of the two infarcts cancel themselves out par- 
tially or completely. Sometimes the diagnosis can be suspected 
(in the context of clinical findings) on the basis of relatively tall 
R waves in leads Vj to V^, preceded by a Q wave (ECG 13.59, 
with additional RBBB). 

ECG 13.46 demonstrates that ECG diagnosis of MI is some- 
times very difficult, for several reasons. This ECG of a patient 
2 days after CABG suggests, at first glance, acute anterior MI 
(see leads and V^, where the elevated ST segment arises 
directly from the R wave). However, a frontal ST vector of +75'’ 
and other signs favor the diagnosis of acute pericarditis. 



Further coronary angiography revealed open grafts; LV func- 
tion was unchanged. 

Another type of combined MI of separate areas is acute 
inferior infarction of the left ventricle associated with acute 
infarction of the right (ECG 13.47), mostly due to proximal 
occlusion of the right coronary artery. This combination is 
much more frequent than assumed 10 years ago, and is found 
in 30%-50%(!) of patients with acute inferior MI [23-25]. 
Recognizing right ventricular infarction (with the help of leads 
V^R to V^R) is essential for therapeutic reasons. Vasodilators 
must be avoided and fluid (over-) restitution must be guaran- 
teed. Severe complications such as AV block, repetitive ventric- 
ular fibrillation, and shock, are more frequent than in other 
types of acute MI. While the in-hospital mortality of this com- 
bination of infarctions is excessive (about 16%) without early 
coronary artery reperfusion in the acute stage, long-term sur- 
vival is equal to patients with inferior infarction without RV 
infarction. The explanation is simple: in most cases RV ‘infarc- 
tion’ is not an infarction but corresponds to hibernating 
myocardium. In fact, after 48 h, in > 50% of cases, not only have 
ST elevation but also pathologic Q waves in the right precordial 
leads disappeared. The reasons for recovery are thought to be a 
minor oxygen requirement by the thin wall of the right ventri- 
cle, direct perfusion (by venous blood!), and special collateral 
conditions (ischemic precondition) [25]. In-hospital mortality 
has dramatically decreased by early reperfusion of the right 
coronary artery, thus enabling prompt recovery of hibernating 
right ventricular myocardium (and partially also of inferior LV 
myocardium). Out of 40 successfully reperfused patients with 
early PTCA by Bowers et al [25], 39 patients (98%) survived 
without right ventricular failure, after 1 month. However, these 
excellent results can only be expected in modern hospitals, 
with invasive cardiologic equipment. 

10 Complex Infarction Patterns 

The term ‘complex infarction pattern’ is used for MI associated 
with bundle-branch blocks (RBBB and LBBB), fascicular 
blocks, and bilateral blocks. Bundle-branch block due to acute 
MI considerably increases mortality, also in inferior infarc- 
tion [26]. 

10.1 Infarction Associated with Right 
Bundle-Branch Block 

The pathologic Q wave of old MI is equally detectable in the 
presence of as in the absence of RBBB, because the initial depo- 
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larization of the left ventricle is not, or is only modestly, influ- 
enced by RBBB. Only the enhancement of the septal vector may 
lead to tall primary R waves in leads and V^, that may be mis- 

diagnosed as (a mirror image of) posterior ML ECGs 13.48-13.52 
show different localizations of MI; EGG 13.53 shows the combi- 
nation of old anteroseptal and inferior infarction. 

Acute MI can be easily diagnosed in many cases. In the case 
of acute anteroseptal infarction the ST elevation in leads Vj to 
V3 may be at least partially canceled by the ST depression 
caused by RBBB. However, distinct ST elevations (and Q waves) 
in leads often indicate clearly acute anteroseptal infarc- 
tion (ECGs 13.54 and 13.55). The corresponding alterations in 
the inferior leads allow the diagnosis of acute inferior MI. 
EGG i3.56a-b (RBBB occurring with latency) and ECGs 
13-57-13-59 show several localizations of acute MI associated 
with RBBB. 

In practice, the MI pattern in the presence of RBBB is some- 
times overlooked, because the eye of the observer is impressed 
by the RBBB pattern, often meaning that no further considera- 
tion is given to the Q waves and the behavior of the ST seg- 
ment. 

102 Infarction Associated with Left 
Bundle-Branch Block 

In the presence of LBBB the diagnosis of an old MI is often dif- 
ficult or impossible. This can be explained by two facts. First, 
LBBB produces abnormal QRS vectors pointing mainly from 
the right to the left, and more or less backwards and upwards, 
thus severely deforming the QRS pattern. These abnormal QRS 
vectors prevent the appearance of a typical necrosis pattern. 
Second, a QS complex due to LBBB may mimic an infarction. 



An rS complex (sometimes with a very small initial R wave) is 
common in leads to and should not be interpreted as 
anteroseptal/anterior ML A QS complex in to or is 
found in LBBB with or without ML Similarly a QS complex in 
leads III and aVF may imitate an inferior infarction or be 
caused by it. In both cases, the T waves are generally positive 
and asymmetric. 

ECG signs suggesting old MI in the presence of LBBB are 
presented in Table 13.2. 

i. A qR complex (with a Q wave generally < 0.04 sec) in at 

least two of the leads I, aVL, V^, is specific in about 90% 

of old anterior MI in the presence of LBBB. The sensitivity 
is low. 

ii. An rsR* complex in leads I (aVL) and in some precordial 
leads generally indicates extensive old anterior ML Low 
sensitivity. 

iii. Decreasing R wave amplitude from (V^) to is typical 
for old anterior MI (theoretically with involvement of the 
posterior septum). Low sensitivity. 

iv. The Cabrera sign (notched/slurred S wave upstroke in 
leads Vj to [27]) indicates old anterior MI in 6o%-90%. 
Low sensitivity. 

The four ECG patterns (i-iv) have an acceptable to excellent 
specificity but a very low sensitivity. In the presence of more 
than three of the mentioned signs, the infarct size is generally 
medium to extensive, because the LBBB pattern can only be 
altered substantially by a massive loss of LV vectors. 

V. A Q wave (generally > 0.03 sec) in leads III and aVF may 
indicate inferior ML However, Q waves or even a QS con- 



Tablel3.2 

Specificity and sensitivity of ECG signs suggesting old myocardial infarction in LBBB 





Specif] city(%)* 


Sensttivity(%r I 


Q wave (mostly < 0.04 sec) in ^ two of leads 1, aVL, 


80-100 


S-20 


rsR' in ^ two of leads 1, aVU 


80-100 


8-24 


Decreasing of R wave from (V^) to 


70-90 


S-30 


Notched S wave upstroke {Cabrera sign) in V 3 to Vj 


60-90 


8-32 


Q in III and aVF (without left-axis deviation) 


30-70 


30? 


Notched R wave upstroke in leads 1, aVL, Vj, (Chapman sign) 


22-62 


20-26 


Notched R wave in S two inferior leads 


34-74 


10-32 


Multiple notching in (> four?) limb and precordial leads 


7 


7 


QSinleadsVitoV 4 


about 50 


20-40 



^Values based on the literature. 
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figuration may be present in these leads in left-axis devia- 
tion, without ML 

vi. Chapman sign; notched/slurred R wave upstroke in leads I, 
aVL (and or V^), indicating anterior MI. Unreliable. 

vii. Notched R wave in inferior leads, a possible sign for inferi- 
or MI. 

viii. Multiple notching/slurring of QRS in several leads, seen 
especially in anterior MI. 

ix. A QS complex in to is occasionally seen without MI. 
In the combination with (anterior) MI, other signs such as 
the Cabrera sign or a Q wave in > two of the leads I, aVL, 
V5, V5 are often present. 

The signs (v-ix) have an insufficient sensitivity and a low 
specificity. 

In the study by Hands et al [28], 24 of 35 patients with LBBB 
had old and/or acute MI, 12 had no MI. The author found an 
excellent specificity of 90%-ioo%, combined with a low sensi- 
tivity of 5%-30%, for the following signs: 

i. Q wave in > 2 of leads I, aVL, V^, Vg 

ii. R wave regression to 

iii. late notching of S wave in to (Cabrera sign) 

iv. notched R wave in > 2 of inferior leads 

V. Q wave in III (left-axis deviation excluded) 
vi. QS in to V^. 

The value of the results is limited by the very small number of 
patients, who, additionally, had old and/or acute MI. Weiner 
et al [29] showed the superiority of the vectorcardiogram over 
the ECG, with specificities of 85.7% and 80.9%, and sensitivi- 
ties of 71.8% and 53.1%, respectively. Wackers [30] emphasizes 
the importance of serial ECGs for the diagnosis of acute and 
old MI in the presence of LBBB. 

ECGs 13.60-13.64 show patterns of old MI in LBBB. The 
reader will notice that in some ECGs several signs suggesting 
MI are present. 

It should be mentioned that all these patterns (with the 
exception of i. Q waves in I, aVL, V^/V^) may also be seen in 
noncoronary heart diseases where there is a severely damaged 
left ventricle, especially in severe hypertrophic and dilated LV 
cardiomyopathy. However, coronary heart disease is by far the 
most common cause for these ‘abnormal’ LBBB patterns. 

In acute MI the diagnosis is also difficult. Depending on the 
different leads, ST elevation in acute infarction is either par- 
tially canceled by ST depression caused by LBBB, or ST eleva- 
tion is superimposed to ST elevation caused by LBBB. 



Consequently, acute infarction in the presence of LBBB may 
be diagnosed and localized in the presence of the following 
signs [31]: 

i. ST depression (mirror image of ST elevation posteriorly) 
in leads V^/V^: acute posterior ML 

ii. ST elevation in leads where LBBB alone would induce ST 
depression (examples: ST elevation in leads I and/or leads 
aVL, to V5: acute anterior MI; ST elevation in leads III, 
aVF (II): acute inferior MI (ECG 13.65)). 

iii. Striking ST elevation in leads to > 5 mm: acute ante- 
rior infarction (ECG i3.66a-b). 

Based on these criteria, acute anterior or inferior MI may be 
diagnosed in many cases if the ECG is registered within the 
first hours after the event. A recent publication by Madias et al 
[32] suggests - and our own experience also supports this - 
that in 124 patients with LBBB out of 4193 patients with acute 
MI, ST elevation in V2/V3 is somewhat less specific (especially 
in severe LVH) than the ST alterations mentioned in (i) and (ii) 
above. 

102,1 Infarction ip Racemaker Patients 

In a few pacemaker recipients, the electrode is implanted epi- 
cardially on the left ventricle. The QRS complex therefore 
shows an atypical RBBB pattern. Consecutively, the pattern of 
acute and old MI generally can be recognized. 

In most patients, the electrode is implanted intravenously 
in the right ventricle, with a consecutive atypical LBBB pattern. 
Depending on the localization of the tip of the electrode, we 
find different QRS axes in the frontal plane. However, a single 
broad R wave in leads I and aVL and a QS type in III, aVF and 
II are most common. In contrast to the usual LBBB, we mostly 
miss a positive QRS deflection in and V^, thus imitating a 
loss of QRS vectors. In lead a completely atypical pattern 
with a Qr complex (without MI) may be encountered. Overall 
the diagnosis of acute and old MI in the presence of right ven- 
tricular pacing is often very difficult or impossible (ECG 13.67). 
In extensive anterior MI the LBBB pattern may show signifi- 
cant notching. 

103 Infarction in Left Anterior Fascicular 
Block 

Left anterior fascicular block (LAFB) may mask or in rare cases 
imitate an old infarction [33,34]. The typical Q or QS complex- 
es and the common negative T waves in inferior infarction are 
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completely masked by LAFB. However the association of LAFB 
with inferior infarction is very rare. 

Occasionally, anterior infarctions of moderate size are also 
masked by LAFB. Generally, anteroseptal/apical and extensive 
anterior infarctions are detectable (ECGs 13.68-13.72). A variant 
of LAFB (in 5%-io%) with a small Q wave (QRS complex) in 
leads (and V^) imitates a small anteroseptal necrosis [33,34]. 
The diagnosis of acute infarction is generally not compromised 
(ECGs 13.73-13.75b (follow-up)). Coronary angiographic find- 
ings in patients with or without LAFB are not significantly dif- 
ferent [35]. 

10.4 Infarction in Left Posterior Fascicular 
Block 

LPFB represents a special condition (Chapter 9 Fascicular 
Blocks). On one hand, > 6% of old inferior infarctions are 
combined with LPFB. On the other hand, LPFB is associated in 
> 90% to an old inferior MI [36]. Therefore, the LPFB pattern 
itself allows the diagnosis of old inferior MI, in most cases, 
although LPFB masks the common pattern of inferior MI par- 
tially or completely. ECGs 13.76 and 13.77 show typical exam- 
ples of LPFB where the extensive inferior MI is masked. 
EGG 13.78 shows LPFB with old inferior MI and acute 
anteroseptal MI. 

The presence of LPFB indicates not only inferior MI in most 
cases, but generally also severe two-to-three coronary vessel 
disease [36], representing a valid indication for coronary 
angiography. Considering the facts mentioned above, it is 
important to know the exact and fine diagnostic EGG criteria 
of LPFB (Chapter 9 Fascicular Blocks). In a patient older than 
40 years without RV hypertrophy, and a frontal QRS vector of 
about + 60°, with preterminal slurring of the R wave in leads 
III and/or V^, the presence of LPFB should be considered 
(regardless of the presence or absence of Q waves in the inferi- 
or leads). In doubtful cases an echocardiogram or a coronary 
angiography are decisive for the diagnosis. 

103 Infarction in Bilateral Block 

103.1 Infarction in RBBB+ LAFB 

In this common type of bilateral block, the EGG pattern is pre- 
dominantly determined by LAFB, with the exception of leads 
Vj (V^). Consequently, inferior and small anterior infarctions 
may be masked. However, in many cases anterior MI is 
detectable by pathologic Q waves, often combined with reduc- 
tion of R amplitude and/or notched QRS in the adjacent leads 



(ECGs 13.79-13.81). Equally, a non-Q wave MI can be suspected 
(EGG 13.82). In our experience, LAFB partially impairs the 
development of T negativity in the precordial leads. 

1052 Infarction in RBBB + LPFB 

As isolated LPFB, also LPFP in combination with RBBB, gener- 
ally masks partially or completely an old inferior ML The diag- 
nosis can only be assumed in the presence of suspicious 
Q waves in the inferior leads. This is not the case in EGG 13.83. 
The differential diagnosis of this rare type of bilateral block, 
with or without inferior infarction, is RBBB associated with 
right ventricular hypertrophy (Chapter 11 Bilateral Blocks). 

1 1 Special Infarction Patterns 

The special infarction patterns may be divided into the follow- 
ing types: 

i. the ‘classical’ non-Q-wave infarction (with negative sym- 
metric T waves); 

ii. infarction with ST depression > 3 mm; 

hi. infarction with ‘nonsignificant’ Q waves (< 0.04 sec) at 
usual localization; 

iv. infarction with ‘non-significant’ Q waves (< 0.04 sec) at 
unusual localization (often associated with ‘notching of 
QRS’); 

V. infarction with RSR’ type in precordial (and limb) leads; 

vi. infarction with pure reduction of R wave amplitude (often 
combined with ‘notching’ of QRS); 

vii. atrial infarction (a special condition of special infarction 
patterns). 

11.1 The So-Called Non-Q-Wave Infarction 

Although there are other types of non-Q-wave infarction, this 
term is generally reserved for the ‘so-called’ non-Q-wave 
infarction that is characterized by extensive and relatively deep 
negative (symmetric) T waves in the precordial leads (Vj) to 
V5 (V5) and often also in leads I (II) and aVL. Inferior non-Q- 
wave infarction (with symmetric negative T waves in III and 
aVF) is rarer. The pattern is seen in the acute stage of infarc- 
tion and may last for weeks or even months. The R amplitude 
is often slightly reduced compared to a previous EGG. In the 
acute stage a moderate (1-2 mm) convex-upward ST elevation 
or ST depression may be seen (EGG 13.84). 

Based on an early experimental study of Prinzmetal et al 
[37] non-Q-wave infarction was generally accepted to be non- 
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transmural. Many years later this concept was questioned by 
other authors: a non-Q-wave infarction may be transmural or 
non-transmural Interestingly, Prinzmetal himself revoked his 
own hypothesis 3 years after the first publication [38]. This 
type of non-Q-wave infarction is by far the most frequent of all 
unusual infarction patterns. De Zwaan et al [39] observed neg- 
ative symmetric and also biphasic terminally negative T waves 
in the precordial leads to (V^) in 180 (of 1260) patients 
with unstable angina, due to severe stenosis of the proximal left 
anterior descending coronary artery (LAD). Most of these 
patients had systolic and diastolic wall contraction abnormali- 
ties, which were interpreted by the authors as stunning 
myocardium rather than as infarction. 

The following story describes an extraordinary evolution of 
non-Q-wave infarction after surgical revascularization. 

Short Story/Case Report 3 

In 1984^ a 42-year-old man was admitted for heart catheteri- 
zation with the clinical diagnosis of severe aortic valve 
stenosis and symptomatic non-Q-wave infarction. The 
ECG showed LV hypertrophy and deep symmetric T waves 
anterolaterally (ECG i3.&5a). Both diagnoses were con- 
firmed, Besides a gradient of 70 mmHg at the aortic valve, 
severe stenosis of the left anterior descending coronary 
artery, with a huge aneurysm of the anterior wall of the left 
ventricle, was found (ejection fraction 45%). Aortic valve 
replacement and CABG to the left anterior descending coro- 
nary artery were performed. Three weeks after operation the 
patient complained of atypical chest pain. Technetium/thal- 
lium scintigraphy revealed no ischemia and - to everyone*s 
surprise - normalized LV function. The aneurysm was 
therefore not due to a fibrotic scar but to hibernating 
myocardium. Twenty years after operation the patient 
remains well^ the ECG showed regression of LVH and slight 
alteration of the repolarization (ECG i3.&5b). 

To conclude, surgical (or interventional) revasculariza- 
tion may lead, in favorable cases, to striking recovery of LV 
function, due to recovery of hibernating myocardium. This 
phenomenon was first described by Chatterjee et al [40 1 in 
patients after CABG, and may occur also in patients with a 
Q-wave infarction. 

Differential diagnosis: there is a vast range of diseases to be differ- 
entiated from non-Q-wave infarction, such as late-stage pericardi- 
tis, cerebral hemorrhage, severe anemia/shock, the so-called syn- 
drome X [41], and acute pancreatitis (see Table 13.1). The knowl- 
edge of the other types of special infarction patterns is also impor- 



tant. Some ECG patterns have been recognized better only in 
recent decades, with increasing number of coronary angiography. 
These ECGs reflect the real infarct size even less than Q-wave pat- 
terns. Many patients with unusual infarction patterns need further 
investigation and all should be followed and treated as patients 
with ‘usual’ infarction patterns. Most of the ECG examples shown 
below were observed within an 8-month period in our 1000-bed 
university hospital. Thus, these patterns are not as rare as one 
might believe. Most infarctions were confirmed by coronary and 
LV angiography. 

112 Infarction with ST depression ^ 3 mm 

This type is defined as ST depression of > 3 mm in at least one 
precordial lead, at rest (generally V^ to V^); it is relatively rare 
(ECG 13.86). 

1 1 .3 Infarction with 'Nonsignificant' 

Q Waves at Usual Localization 

Short Story/Case Report 4 

In March 2000 a 54-year-old colleague told the author about a 
slight ‘pulling’ pain localized to the region of the left great pec- 
toral muscle, tiiat had occurred for a week since exercising 
with dumb-bells. He had also some general malaise. He denied 
having risk factors for coronary heart disease. His blood pres- 
sure was 170/100 mmHg at rest. The ECG revealed an ‘unusu- 
al’ infarction pattern with an inferoposterior localization, 
without significant Q waves in the inferior leads,but with sus- 
pect symmetrical negative T waves in these leads (ECG 13.87a). 
The family doctor instantly faxed the ECG made at a check-up 
3 years before, which was completely normal (ECG i3-87b). 
The stress test revealed an excellent work capacity (rate of 
i6o/min at 17 MET (maximal exercise test). However, the 
strange ‘muscular’ pain could be reproduced. Heart enzymes 
were normal. Coronary angiography performed the next day 
showed a complete proximal obstruction of a great circumflex 
artery with some coUateralization, LV angiography showed a 
minor circumscript hypokinesia inferoposteriorly, with a nor- 
mal EF of 70%. The other coronary arteries were normal. 
Recanalization and stenting was performed, with a good 
result. With a repeat of the exercise test the following day, no 
pain occurred. Risk factors such as moderate hypertension, 
hypercholesterinemia, and moderate adiposity were treated. 
Surprisingly the ‘special’ ECG pattern unveiled the infarction 
better than LV angiography in this case. 
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ECG 13.88a shows an atypical pattern of old inferior MI (without 
pathologic Q waves) and notched QRS in the limb leads and in V5 
(possible lateral involvement). Five months later the ECG 
(ECG 13.88b) revealed a typical pattern of inferior Q-wave MI. 

1 1 .4 Infarction with 'Nonsignificant' 

Q Waves at Unusual Localization 

This infarction pattern is often associated with some reduction 
of R amplitude and a notched QRS complex. Also, symmetrical 
negative T waves may support the diagnosis (ECGs 13.89-13.91). 

1 1.5 Infarction with RSR' Type in 
Precordial (and Inferior) Leads 

ECGs 13.92-13.95 demonstrate cases with this ‘unusuaT infarc- 
tion pattern. Of course an incomplete RBBB must be excluded 
(rSr’ in Vp terminal R wave in aVR). 

The MI pattern with rsR’ in I and/or aVL, and or V^/V^ 
is especially important, because it is often associated with an 
extensive anterolateral infarction with consecutively severely 
reduced LV function (ECGs 13.96-13.99). 

The predominance of a severe two-to-three-vessel coronary 
disease and hypokinetic and akinetic zones at different loca- 
tions sustain the suspicion that some of those MI patterns are 
provoked by pattern superposition of two or more Mis from 
opposite localization. 

Varriale and Chryssos [42] described 26 patients with doc- 
umented old MI, admitted within 2.5 years (11 women, 15 men, 
average age 66 years), with an RSR’ pattern in V3 to V6 (13 pat.), 
in II/aVF/III (9 pat.) and in both anterior and inferior leads (4 
pat.). The QRS duration was 0.11-0.16 sec (-0.18 sec); RBBB and 
LBBB were excluded by vectorcardiography. An RSR’ type was 
observed in one lead in 11 patients and in > two leads in the 
other 16 patients. Additional pathologic Q waves were present 
in 12 patients. The RSR’ type was generally associated with 
severely impaired LV function (10% to 58%, average 26.3%) 
with heart failure in 18 of 26 patients. Ten patients died during 
the follow-up period of 3 years. 

Incidentally, similar infarction patterns were described by 
Grant in 1957 [43], called peri-infarction block at that time. As 
some peri-infarction block patterns were later recognized as 
left fascicular blocks (hemiblocks), this term was abandoned. 
However, the RSR’ pattern corresponding to an old MI princi- 
pally represents a peri-infarction block, due to a terminal con- 
duction delay of fractionated viable myocardial tissue around 
the infarction scar [42]. 



In our opinion, an isolated RSR’ type in the inferior leads 
may be misleading and may correspond to a normal variant, 
for instance an incomplete RBBB. Notched QRS in other leads 
or pathologic negative T waves favor the diagnosis of old MI, as 
do pathologic Q waves in other leads. The RSR’ (rsR’) pattern 
may also be observed in leads I, aVL and/or V5/V5, in MI pat- 
terns in the presence of LBBB (see section 10.2 above). 

1 1 .6 Infarction with Pure or Predominant 
Reduction of R Wave Amplitude 

The diagnosis of MI in this condition is very often uncertain or 
impossible. However, in some cases, especially with notched 
QRS, MI can be suspected (ECGs 13.100 and 13.101). 

In summary, the ‘special’ infarction patterns described in 
points 11.3-11.5 above represent typically atypical{\) infarction 
patterns for an experienced ECG reader, who compares the 
ECG with angiographic findings. As a matter of fact, many 
ECG readers have no experience in invasive cardiology and 
worse, some invasive cardiologists are not interested enough in 
electrocardiology. 

On one hand, formally evident pathologic Q waves, so- 
called significant ST elevation and negative (also symmetric) 
T waves, found in normal individuals, are due to artifacts (false 
poling of the limb leads) or other conditions and diseases far 
removed from ML On the other hand, there are ECG patterns 
with minor special alterations that allow the probable and 
sometimes definitive diagnosis of ML It is evident that a com- 
parison with a previous ECG is very helpful in these cases. 

Remember that not every infarction pattern is as typical as that 
shown in ECG 13.102, with a pattern of acute MI involving more or 
less all walls of the left ventricle (and probably also the right). 

To conclude with the ECG examples: ECG 13.103 shows a 
classical non-infarction patter n(\) - a completely normal ECG. 
However the patient suffered from mild angina during exercise 
and had a borderline exercise test. The coronary angiogram 
revealed an occluded LAD, with good collateralization from the 
right coronary artery and CX. LV ejection fraction was 75%. An 
attempt to reopen the LAD failed and the patient was con- 
trolled with drug therapy. - Let us remember that a normal 
ECG at rest does not exclude a severe CHD. 

11.7 Atrial Infarction 

The pattern of atrial infarction represents a special condition 
of special infarctions, because the atrial muscle is involved. The 
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real prevalence of atrial infarction is not known. Gardin and 
Singer [44] found it in 1%, whereas in a book on auricular elec- 
trocardiograms by Zimmerman et al [45] an incidence of 17% 
is indicated. The reason for this discrepancy is probably a dif- 
ferent use of the common criteria, which are: a) Elevation of 
the segment between the end of the p wave and the beginning 
of the QRS complex (‘PQ elevation’), the most reliable sign in 
the opinion of Gardin and Singer; b) Depression of that seg- 
ment; and c) Notched p waves. It is also obvious that the crite- 
ria are rather vague. Atrial infarction may be responsible for 
atrial arrhythmias, but is not clinically important overall. 
Moreover, some published ECGs of ‘atrial infarction’ are more 
representative of innocent atrial repolarization, or even atrial 
arrhythmias, but not infarction (see EGG (B) on page 1346 of 
ref [44] where atrial flutter is present). PQ depression in acute 
MI is more often combined with infarction-related pericarditis 
than with atrial infarction. Nagahama et al [46] observed in 
304 patients with acute anterior MI that PQ depression (pres- 
ent in only a minority of the patients with additional peri- 
carditis) is associated with greater infarct size and with a sig- 
nificantly higher hospital mortality rate. 

12 Differential Diagnosis of 'Classical' 
Q-wave Infarction Patterns 

The differential diagnosis of the ‘classical’ infarction patterns is 
given in Table 13.1. Regarding acute MI versus acute pericardi- 
tis it can generally be said that in acute MI the elevated ST seg- 
ment arises from the R wave, whereas in acute pericarditis the 
elevated ST segment arises from the S wave. On one hand, how- 
ever, the ST segment may arise from the S wave in the precor- 
dial leads Vj to (with pre-existing deep S waves), also in 
acute MI. On the other hand, the ST segment may arise from 
the R wave in leads V^/V^ in acute pericarditis, if there is no 
pre-existing S wave. 

The differential diagnosis of the pathologic Q waves is 
extensively discussed in Chapter 14. Acute pericarditis is diag- 
nosed in most cases by the behavior of the frontal ST vector, 
that is between + 30° and + 70° (see chapter 15 Acute and Chro- 
nic Pericarditis). 

1 3 Localization of Infarction and 
Localization of Coronary Occlusion 

The correlation between the infarction location and the site of 
coronary lesion is not reliable because of anatomical variations 
of the coronary arteries (e.g. dominance of one vessel or one 



great branch), the extent of collateral vessels (culprit or 
bystander stenosis), the position of the heart and other condi- 
tions. However, some correlation between the localization of 
the infarct and the site of occlusion of coronary vessels is quite 
common (Figures i3.2a-f). Also the usual ECG terms for infarct 
site are not precise. For practical use it is still convenient, how- 
ever, to use the traditional terms ‘inferior MI’, ‘posterior MI’, 
‘anteroseptal MI’, ‘extensive anterior MI’, and so on. 

14 Estimation of InfaKt Size 

In only about 60% of old Q-wave infarction can the size be esti- 
mated reasonably, by application of the rule: the more leads 
that show a Q wave, and the greater the size of the Q waves ( QS), 
the greater the infarcted area is (and vice-versa). This is espe- 
cially valid for anterior infarction. However, in about 40% of 
cases the relation is not found. For example, an ECG with 
QS waves in to and a Qr complex in may also corre- 
spond to a circumscript apicoseptal aneurysm with modest 
reduction of LV ejection fraction. In contrast, a big anterolater- 
al infarction with a severely impaired LV function may only 
show a QS complex in leads to V^, without pathologic 
Q waves in the other precordial leads or in I and aVL. The rea- 
sons for this discrepancy are not known. However, the limita- 
tions of the ECG, as an indirect method, are demonstrated once 
more. 

As LV function is very important for heart performance and 
prognosis, the infarct size should not be estimated on the basis 
of ECG alterations but should be measured by a direct method 
(e.g. the echocardiogram). 

In a pattern of acute infarction, the definitive extent of 
necrosis cannot be predicted in most cases. Generally, more 
leads show signs of injury (ST elevation) than leads revealing 
signs of necrosis thereafter (Q/QS waves). The definitive 
infarct size depends on many variables. The behavior of the 
lesion section around the central necrosis is favorably influ- 
enced by collaterals, and negatively affected by apposition of 
additional thrombotic material in the coronary artery. Infarct 
size may be reduced by early PTCA and thrombolysis. 

Question: If the ECG is unreliable at defining the size and 
precise localization of MI, then why should the ‘exact’ descrip- 
tion of the infarction type be necessary? (Not a bad ques- 
tion...) 

Answer; A detailed analysis of the ECG sharpens the inter- 
preter’s eye for detection of atypical or minor alterations of 
clinical importance (e.g. posterior infarction, ‘complex’ and 
‘special’ infarction patterns). 



184 




Acute infarction 



- ischemia 

- lesion/injury 




Figure ti.5a 

Acute infarction: correlation between the ECG and the stage of 
myocardial ischemia. Monophasic ST deformationAransmurar 
lesion=lesion/injury 




Subacute infarction 

»necrosis« 
ischemia 
lesion /injury 



Figure 13.5b 

Subacute infarction: correlation between the ECG and the stage of 
myocardial ischemia (ST elevation=lesion, pathologic 
Q wave=necrosis, negative T wave=ischemia) 




Development from 
subacute to 
chronic infarction 



necrosis 

possible ischemia 



necrosis 

possible ischemia 
^'normal tissue 





Figure 13.5c 

Evolution of subacute infarction to chronic infarction 



1 5 Electropathophysiology 

The description of the infarction stages related to the elec- 
tropathophysiologic evolution corresponds quite well with the 
real myocardial damage. 



15.1 Acute Stage 

Thrombotic occlusion of a coronary artery leads to ischemia, 
with a central zone of major ischemia (lesion/injury). The 
ECG shows transmural lesion or a so-called ‘monophasic 
deformation’; the R wave, the ST segment, and the T wave are 
incorporated into a single positive deflection (Figure 13.5a). 

15.2 Subacute Stage 

Necrosis develops in the central zone; in the ECG a Q wave ap- 
pears. The necrotic zone is surrounded by a lesion zone (minor 
ST elevation in the ECG), that is itself surrounded by an ischemic 
zone, with T negativity beginning in the ECG (Figure 13.5b). 

153 Old (Chronic) Stage 

The lesion (or injury) zone is of great importance for the evolution 
of infarction. Figure 13.5c shows two possibilities of the evolution 
from subacute to old/chronic infarction: either (rarely) the whole 
lesion zone develops to necrosis, thus increasing infarct size 
(Figure 13.5c, short arrow), and we find broad Q or QS waves in the 
ECG; or (frequently) the lesion zone recovers partially, thus limit- 
ing the infarct size (Figure 13.5c, long arrow), and we find less broad 
Q waves in the ECG. In old infarction the ST segment has returned 
to the isoelectric line and the T wave is generally symmetric and 
negative. Often the T wave normalizes after weeks or months. 

Transmural lesion is a potentially reversible stage. Comp- 
lete recovery occurs regularly in Prinzmetal angina due to 
reversible spasm of a coronary artery branch. In MI regression 
of the lesion to ischemia or to normal myocardium is enhanced 
by collaterals and therapeutic procedures such as fibrinolysis 
or PTCA. This phenomenon is called recovery of ‘hibernating 
myocardium’: A zone, formerly unable to contract, regains its 
vitality. Indeed, even portions of extremely ischemic myocardi- 
um (characterized in the ECG by a part of the pathologic 
Q wave) may recover. This explains the general observation 
that the size and duration of Q waves decrease during the first 
weeks or months after an acute infenction. A pathologic Q wave, 
in its strict sense, represents nondepolarizable myocardium, and 
not necrosis. Consequently, in very rare cases, Q waves may be 
completely reversible. Necrosis is never reversible, by definition. 

It must be emphasized that the comments about the corre- 
lation between infarct size and QRS configuration are ‘didac- 
tic’. In practice there is sometimes a good correlation, but in 
many cases the correlation is bad or even lacking. This is true 
also for non-Q-wave infarction. 
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The Full Picture 





16 Complications of Acute Ml 

A brief overview of this subject seems appropriate for a book 
on ECGs. 

16.1 Arrhythmias and Conduction Defects 

Arrhythmias represent the most frequent direct complications 
of acute MI, including ventricular premature beats (VPBs), 
monomorphic ventricular tachycardia (VT) and ventricular 
fibrillation, AV blocks of all degrees, and ventricular tachycar- 
dia (VT) of the type torsade de pointes, in some cases. 

In inferior infarction, especially in combination with RV 
infarction, complete AV block of suprahissian localization 
develops in about 12% and generally regresses spontaneously 
over AV block 2° and 1° to normal AV conduction within days. 
Definitive pacing is rarely required. Complete infrahissian AV 
block is rare, it indicates severe damage of the left ventricle and 
is seen in extensive anterior infarction. The appearance of a 
new RBBB, LBBB or bilateral block in the course of acute 
infarction is observed in o.5%-8% [26, 28-30, 48, 49]; RBBB 
occurs more frequently than LBBB. A new LAFB is remarkably 
rare, occurring in < 5% of cases. Scheinman and Brenman [49] 
found 20 cases of LAFB in 480 patients with acute MI, but in 19 
cases LAFB was pre-existant. In the publication by Bosch et al 
[35], the number of LAFB due to acute MI (out of 28 cases of 
LAFB in 141 patients) was not clearly determined. 

16.2 Nonarrhythmic Complications 

Ventricular aneurysm is quite frequent in anterior infarctions. 
A study in 80 patients indicates that persisting ST elevation of 
more than 1 mm in > three anterolateral leads, in anterior Q- 
wave infarctions, represents a reliable sign for aneurysm [47]. 
In our experience, in many aneurysms of the anterior LV wall, 
ST elevation is missed. For unknown reasons (perhaps due to 
the absence of the ‘proximity effect’ in the limb leads) inferior 
aneurysm is only exceptionally detectable by persisting ST ele- 
vation in leads aVF, III (and II). 

For rupture of the LV free wall and for ventricular septal per- 
foration there are no reliable FCG signs. 

In some cases a ‘second’ ST elevation may announce immi- 
nent wall rupture [50]. ST elevation in lead aVL in the FCG at 
admission (within 6 h of the onset of chest pain) may be a pre- 
dictor of free-wall rupture [51]. However, the correlation is 
quite poor. In the series by Yoshino et al [51] only four of the 
seven patients with free-wall rupture had an ST elevation in 



aVL > 0.1 mV, compared to 51 patients without rupture but 
with the same FCG alteration. 

Thus, the common nonarrhythmic complications of MI, 
including shock, acute mitral regurgitation due to rupture of 
subvalvular tissue and ventricular septal defect, are diagnosed 
on the basis of typical clinical findings [52,53] and with the 
help of echo/Doppler, the Swan-Ganz catheter (determination 
of right heart oxygen saturation in the case of septal perfora- 
tion), or with conventional heart catheterization. 

For further information about the FCG in myocardial 
infarction (and unstable angina) see the recently published 
book by Wellens et al [54]. 
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The Full Picture 




Note for all texts to the ECGs: Coro indicates LV angiography 
plus coronary angiography. PTCA may be with or without 
stenting (in recent years, additional stenting has been per- 
formed in about 75% of cases). 




ECG 13.1a 

64y/m. Acute 2-hour-old anteroseptal Ml. ECG: ST eleva- 
tion of up to 10 mm in most leads arising from the 
S waves! No pathologic Q wave. Echo: ejection fraction 
65%, anteroapicai hypokinesia. 




ECG 13.1b 

Same patient. ECG 4 hours later, after thrombolysis: ST segment nor- 
mal, T negative in I, aVL and V2 to V4 ( V5). No pathologic Q waves. No 
coro. 
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ECG13.2 

42 y/m. 1 -day-old acute anteroseptal Ml. ECG: combina- 
tion of QS in V1/V2 and minimal R wave in V3/V4 (with 
notching) with ST elevation in (V^) V2 to V5, and termi- 
nally negative T wave in V3/V4. Coro: 99 % stenosis of LAD 
and first diagonal branch. Apical hypokinesia, EF 70 %. 
PTCA. 
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Chapter 13 ECGs 





ECG13J 

94y/m. 2-day-old acute anteroseptal Ml. ECG: Qr in V 2 /V 3 (notch- 
ing in V 4 ), with slight ST elevation. Negative and symmetric 
T waves in V 2 to V 4 and aVL. No coro (note the age!). 



ECG 13,4 

63y/m. 1 -year-old anteroseptal Ml. ECG: QS in V 2 , Qr in V 3 , notched 
QRS in V 4 (V 3 ). Minimal ST elevation in anteroseptal leads. Negative 
symmetric T waves in V 2 to Vg and inferior limb leads. Coro: 50% LAD 
stenosis (spontaneous recanalizaton of LAD). Anteroseptal akinesia. 
LVEF 60%. 
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ECG13.5 

64y/m. Acute 1 -hour-old acute extensive 
anterior Ml. ECG: atrial fibrillation (incom- 
plete RBBB). ST elevation up to 7 mm in leads 
V 2 to V 5 , in V 2 /V 3 arising from the S wave, and 
tall/broad T waves. Notched QRS in V 2 /V 3 . No 
pathologic Q waves. Coro: Occlusion of LAD. 
Anteroapicai hypokinesia, EF50%. PTCA. 
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EC 6 1 i. 6 a 

45y/m. 3-hour-old acute extensive anterior Ml. Out-of-hos- 
pital reanimation (ventricular fibrillation). Potassium nor- 
mal. ECG: probable atrial flutter with changing AV conduc- 
tion and intermittent additional aberration. Bizarre defor- 
mation of QRS and ST ('monophasic deformation') in leads 
I, aVL, V 2 to Vg. QS complexes in II, aVF and III as mirror 
image and not as sign of necrosis (imitation of LBBB). 
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ECG UM 

Same patient. ECG 35 min later: probable atrial flutter type II with 1 : 2 
AV conduction, ventricular rate 149/min. Peripheral low voltage. 

QS waves in leads to V 3 , pathologic Q in V 4 . ST segment elevation up to 

4 mm In 1, 11, aVL, V 2 to Vg. Coro: 20 mm long 60% proximal stenosis of 
LAD. Anterolateral hypokinesia, EF 58%. Interpretation: spontaneous 
recanalization of LAD. PTCA. 



ECG 13.7 

36y/m. Acute 3-hour-old extensive anterolateral Ml. ECG: 
sinus tachycardia. QS (minimal r) in V 2 /V 3 , relatively deep 
and broad Q in V4, 1 and aVL. ST elevation up to 5 mm in 
the corresponding leads. Coro: occlusion of the middle 
LAD. Anterolateral hypokinesia to akinesia, EF 40%. PTCA. 
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ECG BJ 

66 y/m. 4-week-old 'acute' anterolateral Ml. ECG: atrial fibrillation. QS complex in leads V 2 to V 3 and pathologic 
Q waves in I and aVL. Reduction of R amplitude in V 4 to Vg. Slight ST elevation in leads V 2 to V 3 (V 4 , 1, aVL). Coro: 90% 
stenosis of LAD and CX. Anterolateral akinesia, diffuse hypokinesia, EF 28%. PTCA of LAD and CX. 
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ECG 11.9 

63y/m. 15-year-old anterolateral Ml with 
aneurysm. ECG: QS in leads V 2 to Vg. Peripheral 
low voltage. Nonsignificant Q waves in I, II, 
aVF and III, rsr' in aVL. Slight ST elevation in 
(V^) V 2 to V 5 . Negative T waves in inferior 
leads (asymmetric), and in Vg (symmetric). 
Echo: extensive anterolateral aneurysm, EF 
45%. 
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ECG 13.10 

78y/f. Acute 2-day-old high lateral/posterior Ml due to perl- 
interventional dissection of RCX. 8 -month-old anteroseptal 
Ml. ECG: sinus tachycardia. LAFB. ST elevation only in aVL (and 
aVR), with 'mirror image' ST depression in II, aVF, III and V 3 to 
Vg.QT interval prolonged. The old anteroseptal Ml can be sus- 
pected by QS in V^/V 2 . Coro: closed LAD, intermittently closed 
CX.EF60%. 
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ECG 13.11 

72y/m. Old high lateral Ml. ECG: Qr 
in aVL, with symmetric T waves in 

aVLJ^Vs/Vfi. 
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ECG 13.12 

63y/f. Acute inferior infarction, chest pain 
since 2 hours. ECG: ST elevation in lll/aVF(ll), 
ST depression in l/aVL as mirror image. Coro: 
90% RCA stenosis. EF 62%. PTCA. 
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ECG 1J.13 

72y/f. Acute 24-hour-old inferior (and old 
anteroseptal?) Ml. ECG: AV block r. Pathologic 
Q waves, ST elevation and T wave inversion in 
leads II, aVF and III. Poor R progression in V 2 to V 4 . 
Negative T waves in V 5 to Vg. Coro: three-vessel 
disease, closed RCA and LAD. Inferior and anterior 
hypokinesia, EF 45%. 



ECG1S.14 

67y/m. Old inferior Ml. ECG: nonsignificant Q in II and aVF (with reduction of 
R wave), QS in III. Negative symmetric T waves in III and aVF. Broad R waves in to 
V 3 might indicate posterior involvement. Coro: three-vessel disease, inferior 
hypokinesia, EF normal. 



199 



Chapter 13 ECGs 




ECG 13.15 

59y/m. 3-year-old inferior Ml. ECG: Q 
in inferior leads with T inversion in III 
and aVF. Notched QRS in inferior and 
other leads. Coro: > 50% stenosis of 
RCA and LAD.EF45%. 
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ECG13.T6 

60y/m. Acute 6-hour-old posterior Ml. ECG (half cal- 
ibration): enormous ST depression (mirror image of 
posterior ST elevation) especially in V2 to Vg. High 
and broad R in V3. Coro: three-vessel disease with 
occlusion of the dominating RCX. EF 36%. 
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ECG 13.17 

74 y/m. Acute 5 -day-old posterior Ml. ECG: tall and 
broad R wave in and V2( V3), slight ST depression 

in to V5, both corresponding to mirror image of 
alterations in the posterior leads. See: QS in V7/V3, 
QrinV9. 
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ECG u.n 

69y/m. 6-year-old posterior Ml (and 9-month-old lateral Ml). ECG: 
tall and broad R wave in and V 2 . Slightly enlarged Q waves in I 
and aVL, R wave reduction in leads lateral Ml. Coro: 

three-vessel disease with occluded LAD(!) and 70% stenosis of RCX. 
Inferior, posterior and lateral hypokinesia. LV EF 55%. 
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ECG 13.19a A 

47y/m. Acute 12-hour-old inferior Ml 
with RV invoivement. Rhythm strip. 
SR, AV block 2 ^ (Wenckebach and 
'high degree'). 



ECG 13.19b ► 

Same patient. Limb leads: 
bizarre ST elevation 
('monophasic deformation') 





ECG 13.19c A 

Same patient. Right pre- 
cordial leads: monophasic 
deformation in ll,aVF 
and III. Small q wave and 
extensive ST elevation in 
right precordial leads V 3 R 
toVgR.The patient 
refused any intervention 
and died 3 days later by 
cardiogenic shock. 
Probabiy dominating 
RCA. 
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ECG 13.20 A ► 

63 y/f. Acute 2 -day-old 
inferior and anterior Ml 
with RV 'infarction'. ECG: 
Qr in inferior leads with 
ST elevation and negative 
T waves. QS in toV2,r 
reduction in V3 to V4, 

ST elevation in to V5. 
QS, minimal ST elevation 
and T inversion in right 
precordial leads V3R to 
VeR. 





ECG 13*21 

56 y/m. No heart disease. ECG: ST elevation (up to 4 mm) in leads 
to V5 (V5) and minimally in leads I, II, aVL. Normal variant. 
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ECG 13.22 

72y/f. 2-day-old non-Q-wave Ml. ECG: SR, AV block V, Symmetric 
negative T wave in leads I, II, aVL (aVF) and V 3 to Vg. No signifi- 
cant Q waves, but slightly reduced R waves in V 4 to Vg. Coro: 60% 
stenosis of LAD, anterolateral akinesia, EF 40%. Interpretation: 
spontaneous recanalization of LAD. PTCA. 
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ECG 13.23 

70y/m. Old extensive anterior Ml. ECG: 
RBBB with pathologic Q waves in leads 
to V 4 (V 5 ) and T inversion in corresponding 
leads. 
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ECG13J4 

81y/m. Old inferior Ml, masked by LPFB. ECG: 
AQRSp about + 60**. Non pathologic Q waves 
in II, aVF and III. Slurred R downstroke in 
Vj/Vg. Absent S wave in Vj/Vg. Coro: three- 
vessel disease, occluded RCA, EF 50%, infero- 
lateral hypokinesia. 
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ECG 13.25 

27y/m. Normal variant. No heart disease. ECG: 
AQRSp + 80^ Small Q waves in inferior leads. No 
slurred R downstroke in Vg. 
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ECG UJB 

69y/m. Acute 16-hour-old non-Q wave Ml. ECG: no pathologic 
Q waves but deep negative T waves in ail precordial and 
limb leads except in aVL (aVR). Coro: 90% stenosis of a domi- 
nating LAD. Anterior hypokinesia to akinesia. EF 50%. PTCA. 
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ECG 13.27 

70y/m. Acute 1 -day-old Q wave or non- 
Q wave Ml? ECG: 1) Very deep symmet- 
ric T waves in leads V2 to Vg (and in 
aVL, I, II, aVF). 2) However pathologic 
Q wave in V3 and suspect Q waves in 
V4/Vg and inferiorly. Coro: closed LAD, 
50% stenosis of RCA. Extensive antero- 
lateral akinesia. EF 30%. 
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EC611JS 

67 y/f. Old non-Q wave Ml. ECG: negative sym- 
metric or symmetrold T waves In V2 to Vg and 
In aVL, I/ II/ aVF. No Q waves In SR. However, a 
late VPB (note the shorter PQ Interval In 
the second beat) reveals QS In V2 and patho- 
logic Q waves In V3 to Vg (>l^).The patient 
refused Coro. 
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ECG13J9 

42y/m. Severe angina attacks at rest (Prinzmetal angina). 
ECG: paroxysmal extensive ST elevation in leads l,aVL and 
V 2 to V 5 , reversible. Coro: subtotal proximal stenosis of 
LAD, normal EF. 



ECG 1330a 

48y/m. Severe angina attacks at 
rest (Prinzmetal angina). Limb 
leads: impressive ST elevation in 
the inferior leads (and Vg,* not 
shown). 
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ECG 13.30b 

Same patient. ST elevation 
almost reversible within 10 min. 
Coro: 90% RCA stenosis. PTCA. 
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ECG 13.31 

55y/m. Angina at rest during ECG registration (leads I, II, III and V 4 to Vg). Sinus 
bradycardia, striking ST elevation in the inferolateral leads and intermittent 
2 : 1 AV block (ventricular rate 25/min). Coro: coronary two-vessel disease, two 
severe RCA stenoses with spasm and a similar ECG during PTCA. 



ECG 13.32a 

Short Story/Case Report 2. ECG before CABG: with 
exception of possible LVH and unspecific alteration of 
repolarization, within normal limits. 
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ECG13J2b 

Same patient. ECG after CABG: the extensive inferolateral Ml 
is not visible in the ECG. Compared to ECG 1 3.32a, only a 
pathologic Q wave in lead III and a reduced R amplitude in 
Vs/Vg can be observed. 



ECG 13.12c 

Same patient. ECG after heart transplantation: with excep- 
tion of RBBB, ECG within normal limits. Echo: within nor- 
mal limits. 
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ECG1333 

36y/m. 7-day-old posterior Ml with lateral involve- 
ment. ECG: high R waves in to V 3 (k 0.04 sec), sym- 
metric T waves: mirror image of posterior Ml. 
Decrease of R amplitude and increase of Q amplitude 
from V 5 to V 5 , negative T waves in Coro: Closed 
CX, posterolateral hypokinesia, EF 50%. 
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ECG 11.34 

57y/m. 2-day-old inferoposterior Ml. ECG: broad Q waves in inferior 
limb leads, broad R waves in to V3 (R > S in V^). Slight ST elevation 
in III, ST depression in to V5. Symmetric negative T waves in 
lll/aVF/ll. Coro: three-vessel disease, dosed RCA. Inferior akinesia, 
posterior hypokinesia. EF 55%. 



ECG 13.35 

70y/m. 6-year-old posterior Ml, 2-year- old inferior Ml. ECG: 

AV block V (PQ 0.38 sec). Broad R wave V-, to V3. QS in lll/aVF. 
Small notched QRS in Vg: lateral involvement? Slight ST eleva- 
tion in to Vg, together with decreased R amplitude due to 

pericardial effusion of unknown etiology. Coro: severe three- 
vessel disease with closed CX and RCA. Inferoposterior hypoki- 
nesia, EF 62%(!). 
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ECG13.S6 

60y/m. 5-day-old inferolateral Ml. ECG: Q waves in inferior and 
lateral leads, with symmetric negative T waves (rSr' in V^: 
incomplete RBBB). Coro: three-vessel disease, closed RCA. 
Inferolateral akinesia, EF 48%. 



ECG 13.37 

73y/m. 9-day-old inferoposterolateral Ml. ECG: SR with a strange frontal 
QRS vector: QS in I, II, aVF and III. QS also in V 5 . qrS in Vs.Tall R waves in 
V^/V 2 (V 3 ). Slight ST elevation and negative T waves in the leads with 
QS, and in V 5 . In the ECG the infarct size is overestimated. Coro: closed 
CX,EF55%(!). 
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ECG11.3S 

66 y/m. Some years old inferoposterior Ml with lateral 
involvement. LVH. ECG: Q in II, aVF, III, V 5 . Tall R waves 
inV2/V3(Vi).LVH. 



ECG 1339 

53y/m. One-month-old inferoposterior Ml. ECG: Q in II, aVF. rS in III. Tall R waves 
in V| to V3. Increasing Q and decreasing R from V5 to Vg may indicate lateral 
involvement. Coro: one-vessel disease, closed CX. EF 62%. 
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ECG 13.40 

52y/m. 2-month-old inferior Ml. ECG: Q in aVF, III (II), with negative T waves. 
Ischemic T waves also in lateral leads. Reduced R in Vg may indicate lateral 
involvement. Coro: closed RCA, EF 39%(!). 



ECG 13.41 

63y/m. 6-year-old inferior and 3-day-oid anterior Ml. ECG: 
atrial flutter type 1 with irregular AV conduction. QS in 
lll/aVF. QS in to V4, ST elevation in V2 to V5. Coro: three- 
vessel disease, inferior hypokinesia to akinesia, anterior 
akinesia, EF 45%. 
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ECG 13.42 

64y/m. 6 -year-old inferior Mi, 3-month-old anterior Ml. ECG: 

Q waves in III, aVF (II). Notched QRS in V 2 /V 3 , Q (0.04 sec) in V 4 (V 5 ). 
Negative T in V 4 to Vg (V 3 ) and some limb leads. Coro: two-vessel 
disease, inferior and anterior akinesia, EF 35%. 



ECG 13.43 

59y/m. 3-year-old inferior Ml, 17-day-old anterior Ml. ECG: Q in III, 
aVF, II with positive T. Poor R progression in V 2 to V 4 , notched QRS in 
V 2 to V 4 . Negative T in V 2 to Vg, I and aVL. Coro: two-vessel disease, 
inferior akinesia, anterior hypokinesia. EF 43%. By definition, the 
anterior Ml is a non-Q-wave infarction, but additionally diagnosable 
by the rsR'(S) complex in V 4 ( V 5 ); see section Special Infarction 
Patterns. 
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ECG 13.44 

85y/m.Two Ml occurred several years ago (anterior and inferior). 
No angina, heart failure. ECG: Q in III, aVF (II). QS in V 2 /V 3 (V^), Q in 
V 4 (V 5 ).T negative in V 4 to Vg, terminally negative T in V 3 . Echo: 
severely decreased EF. 



ECG 13.45 

73y/m. Several Ml in the history. ECG: the infarctions are mask- 
ing each other, but significant intraventricular conduction dis- 
turbance in all limb leads and Vs/Vg is present (imitating LBBB in 
Vg). Decreasing R wave from V2 to V4/Y5. Note the negative (sym- 
metrical) T waves interiorly and in leads V4 to Vg. Coro: severe 
three-vessel disease. EF 20%. 
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ECG 12.46 

68 y/m. 4-month-old inferior Ml. Coro: three-vessel disease, inferior 
hypokinesia. EF 70%. Two days after aortocoronary bypass operation 
severe chest pain, pericardial friction. Re-coro: all four bypasses open. 
ECG: PQ depression in lll/aVF, Vs/Vg. Slight ST elevation in I, II and aVF. 
Frontal mean ST vector -i- 75°. ST elevation in precordial leads (5 mm in 
V 2 ), in Ms^6 ( V 4 ) arising directly from the R wave(!). Diagnosis: acute 
pericarditis (Dressier syndrome?). 
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ECG 13.47 

52y/f. 13-hour-old, acute inferior Ml. EF 62%. ECG (limb leads only): complete AV block, AV junctional escape 
rhythm. 0.03 sec broad but deep Q waves in II, aVF, III, with slight ST elevation. Right precordial leads (V 3 R to 
VgR) show RV Infarction'. Coro: one-vessel disease, closed RCA. PTCA. 
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ECG 13,48 

58y/m. Bronchial carcinoma, old inferoposterior Ml. ECG: SR, RBBB. 
Q waves inferiorly (only in III ^ 40 msec), without T negativity. Tall 
'primary' R waves in V 2 /V 3 due to RBBB or posterior involvement. 
Coro: severe three-vessel disease, closed RCA, inferoposterior 
hypokinesia, EF 55%. 



ECG 13.49 

78y/m. 3-month-old anterior Ml. ECG: SR, RBBB. Pathologic 
Q waves in V 3 /V 4 (rSR' in V^/V 2 ?). Vertical (LV) AQRSp possi- 
bly due to loss of also lateral potentials. 
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ECG 13.50 

62y/m. 10-day-old extensive anterior Ml. ECG: SR, RBBB. 
Pathologic Q waves to V 3 , QS waves V 4 to V 5 (qrS in V 5 ) and 
aVL. ST elevation in Vj to Vg and l/aVL: aneurysm or 'acute' 
stage. Coro: severe three-vessel disease, anterolateral akine- 
sia, EF 40%. 
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ICd 13.S1 

64y/m. One-year-old inferoposterior Ml. ECG: SR, 
RBBB, broad Q/QS inferiorly, very tall first part of 
QRS in to V 3 due to additional posterior Ml. Q and 
small R in V^: possible lateral involvement. Coro: 
one-vessel-disease, closed great RCA, inferoposterior 
akinesia, EF 43%. 
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ECG 13.52 

73y/m. CHD. ECG: old posterolateral Ml. RBBB. SR, pathologic Q wave in II 
(rS in aVF/lll), tall first part of R in V^/V2, notched broad Q wave in Vg 
with small terminal R wave. Echo: severely depressed LV function. 





ECG 13.53 

74y/f. 1 -year-old inferior and 6-year-old anterior Ml. ECG: 
inferior and extensive anterolateral Ml. RBBB. Q in inferior 
limb leads and V-, to Vg, laterally with small R waves. QRS 
notching in V2 to V5. Persisting ST elevation in V2 to Vg 
indicates aneurysm. Coro: severe three-vessel disease, 
inferior akinesia, anterolateral diskinesia, EF 35%. 
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< ECG13.S4 

84y/m. Several-hour-old acute 
anteroseptal Ml. ECG (only precor- 
dial leads): SR, RBBB. Striking 
ST elevation in (Vi) Vj to V 4 (V 5 ); 
pathologic Q waves in V^/V 2 . The 
ST elevation in is also patholog- 
ic, in presence of RBBB. 




ECG13.SS A 

72y/m. CHD, 4-day-old anteroseptal Ml, severe aortic stenosis. 
ECG: RBBB. Pathologic Q waves and ST elevation in to V3. 
Minimal R waves in III, aVF. Tall R waves in V 4 to V 5 due to LVH. 
Coro: one-vessel disease, closed LAD, EF 20%(!). 
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ECG13.S6a 

59y/m. 1 -day-old, acute extensive anterolateral Ml. ECG 
(50 mm/sed): Ml, with QS in to V 3 , pathologic Q in V 4 . 
Striking ST elevation Y 2 to V 5 (V 5 ). 




ECG 13.56b 

Same patient. The ECG (50 mm/sed) 4 days later 
shows reinfarction in the same region. Note also 
RBBB. No coro (ECGs from 1974). 
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ECG 13.57 A 

75y/m. 1 -day-old acute 
posterior Ml. ECG 
(50 mm/sec!): RBBB.At 
first glance only RBBB 
without infarction, in the 
12 standard leads. But 
the first part of QRS in 
to V3 is tall, ST depression 
(not related to RBBB) is 
present in V2 to V5 - mir- 
ror image of acute poste- 
rior Ml, proved by the 
direct infarction pattern 
in V7 to V9: QS and ST ele- 
vation. Echo: posterior 
akinesia. 
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ECG 13.58a 

88y/f. Several-hour-old, acute inferior Ml + 'RV 
mi: ECG: SR, AV block 2 % type Wenckebach (see 
leads V4R to VgR). RBBB. Striking ST elevation 
in ll/aVF/lll. 



ECG 13.58b 

Same patient. Right precordial leads 
show RV 'infarction': ST elevation in 
V4R to VgR, Q wave in VjR/VgR. 
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ECG13.S9 

63y/m. 2-day-old, acute inferoposterior infarction. 
Old anteroseptal Ml. ECG: SR. AV block 1 ^ RBBB. 

Q waves in aVF/lll, tall first part of QRS in V2/V3. 
Slight ST elevation in inferior limb leads (and 
Vj/Vg); ST depression in to V3 (mirror image). In 
the presence of posterior Ml: Q wave in V^(!) as a 
possibie sign of oid anterior infarction. Coro: closed 
RCA, 70% CX stenosis, 50% LAD stenosis. EF 45%. 
Inferoposterior akinesia, septal hypokinesia. 
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ECG 13.60 

70y/f. 21(!)-year-old anterior Ml. Coro 5 years before: 
closed LAD, LV EF 25%. ECG: atrial flutter with irregular 
conduction. LBBB. Pathologic Q waves (in LBBB) in l/aVL, 
reduced R in V 5 , rsR's' in V 5 . Decreasing R wave from V 2 to 
V 5 . Actual echo: EF about 35%. 
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ECG 13-61 

75y/m. 18-year-old extensive anterior Ml. ECG: SR, 

LBBB. Pathologic notching in five precordial leads (V 2 to 
Vg), indicate anterior Ml. Cabrera sign in V 2 /V 3 (notched 
S upstroke). Inferior Ml not diagnosable. Echo: apical 
dyskinesia, lateral and inferior akinesia, EF 25%. 
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ECG 13.62 

67y/m. Anterior, lateral, inferoposterior 
Ml 20 years, 5 years, and 4 years ago. 
ECG: SR, AV block 1 ^ LBBB. Q in aVL, rsR' 
in I, notched QRS in Vs/Vg; Cabrera sign 
in to V 4 . High R wave in V 2 /V 3 , 
decreasing to V 5 . Coro: severe three-ves- 
sel disease, EF 25%. 
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ECGU.^I 

72y/f. 1 -year-old anterior Ml, 6-month-old inferior Ml. ECG: SR, AV block V, 
LBBB. Slurred R upstroke in I, rsR' in aVL, Cabrera sign V2/V3, notched QRS in 
V4/V5/(Vg). Inferior Ml not diagnosable. Coro: two-vessel disease, 90% LAD 
stenosis, closed RCA. Inferior akinesia, anterior dyskinesia, EF 25%. 



ECG T3.64 

85y/m. At least two Ml some years ago. CABG 1 3 years 
ago. ECG: SR (artifact: pseudo-p in V3 to Vg), LBBB, in pre 
cordial leads similar/equal to 'uncomplicated' LBBB. 
Notched QRS in all limb leads, especially in l/lll/aVL. 
Coro: severest three-vessel disease (all vessels closed, 
three of five bypasses open). Inferior akinesia, anterior 
hypokinesia. EF 40%. 
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ECG 13.65 

57y/m. Acute chest pain of 2 h duration. ECG: typical LBBB. 
Slight but pathologic (concordant) ST elevation in leads aVF 
and III, suggesting acute inferior infarction. Coro: two 90% 
stenoses of RCA, inferior hypokinesia. The inferior lesion 
was reversible after PTCA. 
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KQUMa 

68y/m. ECG: before AMI: SR, LBBB (incom- 
plete?) without additional abnormalities. 
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EC6 13.66b 

Same patient. ECG (8 hours after Ml): SR, LBBB. 

ST elevation up to 8 mm in Vj/Vj (V1/V4). Giant T in 
V2/V3. No significant additional QRS abnormalities. 
Coro: closed LAD and CX. Anterolateral akinesia, 
posterior hypokinesia. EF 35 %. 



b 
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ECG 13.67 

75y/m.Old inferior Ml with aneurysm. In SR leads ll,aVF and III reveal old inferior Mi (ST elevation due to aneurysm), while during 
pacemaker rhythm there is the usual pattern of LBBB with QS complexes in these leads. The LBBB pattern in the precordial leads is 
common for paced beats, with a QS complex in all leads. The not-paced QRS are normal. The second precordial QRS complex imitates 
a loss of anterior potentials, however this is a fusion beat between spontaneous beat and paced beat. 
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ECG 13.68 

81y/f.0ld anterior Ml, partially masked by LAFB. ECG: LAFB, AV block V. 
Absence orsmooth' transition zone generally present in LAFB, but 
abrupt change from a minimal R wave (up to V 4 ), to an R wave of 
3-4 mm in V 5 . Echo: anterior akinesia, EF 30%. 



ECG 13.69 

71y/m.Old anteroseptal Ml. ECG: LAFB, AV block 1°. 
Pathologic Q waves in V 2 /V 3 (V 4 ). No T wave abnormality. In 
a variant of LAFB, Q waves in anteroseptal leads are small. 
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ECG 13.70 A ► 

71y/f. Old anterior Ml. ECG; 
LAFB. Notching of QRS in 
V 5 /V 6 (V 4 ),rsR'in l,aVL 
Decrease of the (small) R 
amplitude from V 2 to Vg. 
Echo: extensive anterior 
hypokinesia, severely 
depressed LV function. 
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ECG13J1 A ► 

75y/f. 7-year-old anterior Ml. 
ECG: atrial fibrillation, LAFB. 
Slight decrease of R wave from 
V 2 to V 5 . Slight notching of 
QRS in Vs/Vg. Echo: anterolat- 
eral akinesia, EF 35%. 
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ECG1372 

60y/m. 6 -weeks-old/acute' anterior infarction. ECG: LAFB, QS 
in V^/V 2 with initial notching, only minimal R waves in V 3 to 
Vg, ST elevation and T negativity in (V^) V 2 to Vg (and I, aVL). 
Coro: two-vessel disease, 90% stenosis LAD, anterior hypoki- 
nesia to akinesia, EF 55%. 



ECG 13.73 

43y/m. 3-week-old, 'acute' anterior infarction. ECG: LAFB, QS (with notch- 
ing) in to V4, slight ST elevation and T negativity in to Vg. Coro: two- 
vessel disease, closed LAD. Anterior akinesia, EF 49%. 
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ECG 13.74 

72y/f. 4-day-old, acute anterior infarction. ECG: LAFB, non-Q wave 
anterior infarction, however with probable reduction of R in V3/V4 
and R notching in Vs/Vg. Slight ST elevation in V^/V 2 , deep negative 
T waves in V2 to V4 (Vg/Vg). Possibly, LAFB masks a Q-wave infarction, 
Echo: anterior hypokinesia, EF about 50%. 




ECGUJSa 

72y/f. 3-day-old, acute anterior infarction. ECG: LAFB. QS in 
to V 3 (notching in V 2 /V 3 ), ST elevation in to V 4 (V 5 ) and 
l/aVL. Echo: anterior akinesia, EF about 48%. 
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ECGHJSb 

Same patient, ECG 2 months later: QS in V^/V2, 
minimal q in V3/V4. ST isoelectric,! negative in V2 
to V5 , 1 and aVL. Echo: Anterior hypokinesia, EF 
58 % (recovery of hibernating myocardium). 
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ECG13J6 

66 y/m. 9-year-old inferior Ml. ECG: LPFB with AQRSp + 40% 
and Q waves in inferior leads; Q duration ^ 0.04 sec only in 
lead III. Relative tall R waves in lll/aVF. Preterminal slurred R 
downstroke in V 5 . Coro: three-vessel disease, extensive infe- 
rior akinesia, EF 45%. 



ECG13J7 ► 

52y/f. Marfan syndrome. 
8 -year-old inferior infarc- 
tion. ECG: atrial fibrilla- 
tion. LPFB with 
AQRSf -I- 80% masking 
inferior Ml. Small 
Q waves and tall R waves 
in inferior leads. Terminal 
slurred R downstroke in 
Vg. Negative T waves 
interiorly. Coro: closed 
RCA, normal LCA. 
Extensive inferior akine- 
sia, EF 43%. 
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ECGBJ8 

48y/m. Several-year-old inferior Ml, acute 1 -day-old anteroseptal 
Ml. ECG: LPFB. AQRSp + 75^ Slurred R downstroke in II, aVF, Vg. No 
Q wave inferiorly! Additionally pattern of (acute) anteroseptal Ml 
with QS in to V 3 and ST elevation in to V 4 .The frontal QRS axis 
is due to LPFB, and not to an extensive anterolateral Ml. Complete 
masking of inferior Ml by LPFB. Coro: Closed RCA, stenosis 70% of 
LAD. Inferior akinesia, septoapical hypokinesia to akinesia, EF 45%. 



ECG 13.79 

77y/f. 2-day-old, acute anterior infarction. ECG: LAFB and 
RBBB. Pathologic Q waves in V2,V3. QS with slurring in V4. 

ST elevation in V 2 to V 4 (Vg/Vg). Echo: Extensive anterior akine- 
sia, EF about 40%. 
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ECG 11. SO 

76y/m. Coronary and valvular HD (moderate aortic stenosis). 
Anterior and inferior Ml 1 and 2 years ago. ECG: AV block V, 
RBBB + possible LAFB. Pathologic Q waves in V 2 /V 3 and QS in V 4 
to Vg indicate extensive anterolateral Ml. In this case ST eleva- 
tion in V 3 to Vg does not indicate a recent Ml, but an old Ml with 
anterolateral aneurysm. QS waves in the inferior leads are con- 
sistent with old inferior Ml (not masked by LAFB). Coro: three- 
vessel disease. EF improved from 30% to 50% within one year, 
without surgical intervention or PTCA. 




ECGT1.S1 

84y/m. Coronary and valvular heart disease (aortic valve replacement 
16 years ago). 1 -week-old anterior Ml. ECG: atrial fibrillation. LAFB + 
RBBB. Note: leads and V 2 are mixed up! Pathologic Q waves in (real) 

V 2 /V 3 and QS in V 4 (minimal Q waves in Vg/Vg are not normal in LAFB) 
are typical for old anterior infarction. ST elevations in (V 3 ) V 4 to Vg (and 
in the inferior leads) are probably due to LVH in LAFB (with a very wide 
QRS), and not to a more recent infarction stage. Echo: LV EF 45%, LV 
mass index 270 g/m^. 
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ECG 13.82 

76/m. 3-day-old non-Q wave Ml. ECG: 
RBBB (-H LAFB?). No pathologic Q waves. 
Negative, deep and symmetric T waves 
in V 2 to Vg (and II) with long QT. Minimal 
ST depression in V 3 to Vg. Reduction of 
R waves in V 4 to Vg probably due to RBBB 
(and possible LAFB). Echo: anterior 
hypokinesia, EF about 50%. 
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ECG13.8B 

67y/m, Hypertensive and coronary HD, 3-year-old inferior Ml. ECG: 
RBBB + LPFB. LPFB masks inferior Ml. Only small Q waves in ill, aVF. 
Note the slurred R downstroke and the small S wave in Vg (in pres- 
ence of RBBB), both typical for LPFB. Giant S waves in V 2 due to 
LVH. Autopsy: old inferior Ml, LVH. RCA closed, stenoses in the other 
coronary arteries. 
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ECG13.S4 

47y/m. 6-hour-old, acute non-Q wave Ml. ECG: normal 
Q waves in I, aVL, Vs/Vg. Deep (symmetric) negative 
T waves in leads V2 to Vg and in some limb leads. 

ST elevation in to V3, ST depression inferolaterally. 
Coro: one-vessel disease, 90% stenosis of LAD. 
Anterior hypokinesia, EF 55%. 
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Same patient. 19 years after operation 
the patient is well, LVH has decreased. 



< ECGH.aSa 

46y/m. Short Story/Case Report 3. 
Asymptomatic moderate to severe aor- 
tic valve stenosis. Acute 1 -2-day-old Mi. 
ECG: apparent LVH. ST depression 2 mm 
in V3 to V4 (V5) and deep symmetric 
T waves in Vj to V4 {V5, l/aVL).The ECG is 
very similar to that in hypertrophic api- 
cal cardiomyopathy. Coro: subtotal 
stenosis of LAD, extensive anterolateral 
akinesia, described as aneurysm. LV EF 
40%. After AC-bypassing of LAD and 
aortic valve replacement, LV function 
normalized (hibernating myocardium!) 
within 3 weeks. 




ECG13.&6 A 

82y/f. Angina for 2 weeks. 6-hour-old anterior Ml. 
ECG: excessive ST depression in leads V3 to Vg 
(7 mm in V5) and leads I, II, aVF (aVL), with nega- 
tive (or biphasic) T waves. No Q wave, except in 
lead III. Strange purely positive QRS configura- 
tion in V2. Coro: 80% stem stenosis, subtotal 
stenoses of middle LAD and CX, closed RCA. 
PTCA/stenting of stem. Anterolateral akinesia, EF 
34%. Normalization of repolarization within 
1 day (not shown). Echo 3 days later: EF 50%. 
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ECG 

57y/m. Short Story/Case Report 4. ECG: nonsignificant Q waves 
(< 0.04 sec) in II, aVF, III, with symmetric negative T waves. R waves in 
to V 3 ^ 0.04 sec, with high symmetric T waves. Overall the ECG sug- 
gests old posteroinferior infarction. 




b 



ECG n.m 

Same patient. Normal ECG 3 years 
before. 
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ECG UMa 

85y/f. Old (inferior) infarction of 
unknown date. ECG: Peripheral 
low voltage. Notched QRS in all 
limb leads and Vg. 

Nonsignificant Q waves, nega- 
tive symmetric T waves in II, aVF, 
III. Slight ST elevation interiorly. 
Echo: EF 40%. 



ECGILSSb 

Same patient. The ECG 5 months 
later reveals a typical pattern of 
inferior infarction. 



ECG 13.89 

48y/m. 2-year-old (anterior) infarction. ECG: small patholog- 
ic Q waves (rsr'S' respectively) in V 2 /V 3 (V 4 ). Normal T waves. 
Coro: subtotal proximal stenosis of LAD. Slight anterior 
hypokinesia, EF 60%. 
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ECG 13.90 

62y/m. 10-day-old (anterior) infarction. ECG: small 
pathologic Q waves in V 2 /V 3 , slightly notched QRS 
in V 4 . Symmetric negative T waves in V 3 /V 4 (deep- 
er in V 3 ). Coro: two 90% stenoses of LAD, anterior 
akinesia. EF 40%. 
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ECG 13.91 

71y/f. 3-year-old (anterior) Ml. ECG: small Q waves in 
V 2 /V 3 . (q)RSr' in V 4 . Slurred R upstroke in V 5 (Vg). Coro: 
90% stenosis of LAD, anteroapical akinesia, EF 52%. 



ECG 13,92 

71y/m.8-year-old anterior Ml during ACB operation. ECG: small physiologic 
Q wave in aVL. rSr' type in V 2 , notched R waves in V 3 to Vg, decreased R waves 
in V 4 to Vg. Actual Coro: severe three-vessel disease. Apical dyskinesia, lateral 
hypokinesia. EF 45%. 
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ECG U3l 

52y/m. 7-year-old anteroseptal Ml. ECG: 
Qr in V 2 , slurred R upstroke in V 3 . 
Otherwise ECG within normal limits. 
Note: a QS complex in V^/V 2 may be a 
rare normal variant, a Qr type in V 2 is 
pathologic. The diagnosis ofatypical 
incomplete RBBB' would be false, 
because there is no r' in and no termi- 
nal R wave in aVR. Coro: proximal steno- 
sis of LAD. Anteroseptal hypokinesia. EF 
62%. 
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ECG 13.94 

75y/f. 3-year-old anteroseptal Ml during ACB operation. ECG: Qr (Q 
> 0.04 sec) in and qrsR'(s') in V3 indicate old anteroseptal Ml. The 
r' in V2/V3 is due to 'peri-infarction block' (see text), possibly also the r' 
in (see the only small terminal R wave in aVR). Echo: anteroseptal 
akinesia, EF 62%. 



ECG 13.95 

76y/m. Severe three-vessel disease, preoperative EF 68%. 
Perioperative anteroseptal infarction, intermittently with 
pathologic anteroseptal Q waves and ST elevation. ECG: Qr in 
V^, (q)R in V2, RSr' in V3. Echo: anterior hypokinesia, EF about 
55 %. 
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V4 







ECG 13.96 

64y/m. 16-year-old anterior Ml. Anterolateral 
aneurysm. ECG: no pathologic Q waves. LAFB, 
PQ 0.02 sec. rSr' in V 2 to V 5 (rsrV in V 5 ), with 
reduced R amplitude in V 4 to V 5 (Vg). 
Symmetric negative T waves (slight ST eleva- 
tion in V 2 to V 4 compatible with aneurysm?). 
Echo: extensive anterolateral akinesia, EF 
30%. 
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ECG 13.97 

71y/f.2-month-old apicolateral(-posterior) Ml. ECG: SR, 
first beat in precordial leads: atrial premature beat. No 
pathologic Q waves. rSr' in I, aVL. Relative high R waves 
in V^, V2. R reduction from V2 to V5, notched QRS in V5. 
Echo: apicolateral akinesia, EF 25%. 




ECG 13.98 

78y/f. 9-year-old anterior infarction. ECG: atrial fibrilla- 
tion. AQRSp + 95^ No pathologic Q waves, rSr' in I, aVL. 
No R progression from V2 to V4. Notched R wave in V5 
(however in the 'displaced' transition zone). Vertical 
frontal QRS axis probably due to loss of anterolateral 
potentials. Echo: anterolateral hypokinesia to akinesia, 
EF 34%. Differential diagnosis, based only on the pre- 
cordial leads: RV and/or LV dilatation, possible LVH 
(deep S waves in V2/V3 (V4). 
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ECG 13.99 

57 y/m. 9-year-old anterolateral infarction. ECG: no pathologic Q waves, 
rsrV in I. Notched QRS in most limb ieads. R reduction from V 3 to Vg, rSr' 
in Vg. Symmetric negative T waves in V 5 and Vg (l/aVL). Vertical QRS axis 
due to loss of lateral potentials. Coro: severe three-vessel disease. EF 
24%. Anterolateral akinesia. 



ECG 13.1 00 

56y/m. 4-month-old anterolateral infarction. ECG: no 
pathologic Q waves (however relatively broad Q in aVL). 
Regression of small R wave from V 2 to V4. Fine notching of S 
in V4 (V3), notched small R wave in V 5 . No T negativity. Coro: 
90% proximal LCA (stem) stenosis. Extensive anterolateral 
akinesia. EF 40%. 
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aVR 



ECG13.101 

76y/f. Old anterior infarction. ECG: normal QRS in limb 
leads. Absent progression of R wave from to V 3 , rsrV 
in V4. Minimal QRS notching in V3 and V5. Echo: apical 
hypokinesia to akinesia, EF 60%. 



T' 





ECG 13.102 

45y/f. Acute extensive Ml. ECG written 20 min after onset of chest pain (lead Vg 
partially lacking): striking ST elevations interiorly and in Mj to Vg, with pathologic 
Q waves in III, aVF and V 4 /V 5 . The patient died 30 min later, during transfer to the 
invasive center, due to cardiogenic shock. 




ECG 13.103 

39y/m. Mild angina. Coro: complete 
obstruction of middle part LAD. EF 
80%. Good collateralization from 
first diagonal branch and RCA. ECG: 
Normal. 
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Chapter 14 

Differential Diagnosis of Pathologic Q waves 



At a Glance 



The Q wave (Q > R), the QS wave (purely negative QRS com- 
plex) and the q wave (Q < R) have for decades preoccupied not 
only cardiologists but also physicians in many other disciplines 
of medicine. In 1987 Goldberger [1] published an interesting 
article about normal and noninfarct Q waves. A reappraisal of 
this important subject seems appropriate, with some new (and 
some old) supplementary information. 

ECG 

Definition of Normal Q Wave 

The normal Q wave is always a q wave that it is smaller than the 
following R wave (ECG 14.1). The normal q wave is due to the 
depolarization of the interventricular septum. Its duration is 
usually a few to 15 msec and never exceeds 20-25 msec (exclud- 
ing the ‘normal variants’ (see section 2 below and Chapter 3 
The Normal ECG and its Normal Variants). Often there is no 
q wave in many leads because the projection of the septal vec- 
tor on these leads is positive and is therefore manifested in the 
first 15 msec of the R wave. In the normal ECG, in lead aVR 
there is always a predominantly negative QRS complex. Lead 
aVR is situated at - 150° in the frontal plane and shows a mirror 
image of the usual QRS complex. We find a Qr or even a QS 
complex (ECGs 14.2 and 14.3), or an rS or rSr’ configuration. 

Definition of (Formally) Pathologic Q Wave 

‘Classically’, the pathologic Q wave (that should indicate old 
myocardial infarction (MI)) is defined as a Q wave of duration 
> 0.04 sec - this does not make much sense. Although in prac- 
tice formally broad Q waves are important for the diagnosis of 
old MI, the MI may evolve with smaller Q waves, or without 
Q waves (non-Q wave infarction). Furthermore, there are many 
conditions other than MI with abnormal or striking Q waves. 



Some infarct patterns are described in section 1. (For details 
about Q wave infarction, complex and ‘unusual’ patterns of MI, 
and non-Q wave infarction, see Chapter 13 Myocardial 
Infarction). Sections 8-17 (and in The Full Picture) present dif- 
ferential diagnoses of the abnormal Q wave more or less in 
order of prevalence, irrespective of the duration of the Q wave 
and the QRS complex. 

Throughout this chapter please note that Q is stated in cap- 
itals if the Q wave is greater than the r wave, and in lower case 
if the q wave is smaller than the R wave. In undetermined cases 
or general descriptions, capital Q is used. Pure negative QRS 
complexes are described as QS (as usual). 

1 Myocardial Infarction 

Generally the Q waves in MI develop in combination with chest 
pain. In many patients the evolution of MI can be followed, 
based on significant ST elevations in the ECG and elevated 
serum levels of creatine phosphokinase (CPK), its myocardial- 
specific fractions and/or troponin, in the acute phase. However, 
in patients with silent infarction, Q waves - or their mirror 
image (in true posterior infarction) - may be the only indica- 
tors of myocardial necrosis. 

There are some ECG criteria that favor infarction. 

1.1 New Q Waves 

The appearance of new Q or q waves within a short time is a 
very important (and often forgotten) sign of infarction. These 
q waves must not fulfill the usual criteria for infarction, i.e. a 
duration of at least 40 msec (see Short Story/Case Report 4 in 
Chapter 13 Myocardial Infarction). Alterations of the repolar- 
ization may sustain the diagnosis, in which case at least one 
previous ECG must be available. It is often laborious to search 
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for an old ECG. Sometimes an EGG was written by a former 
family physician during a check-up for life assurance or mili- 
tary service. In some professions (e.g. pilot of an airplane) 
ECGs are mandatory in some countries. 

1.2 ST Elevation 

An ST elevation of > 2 mm in some leads is typical for acute MI. 
In old larger anterolateral infarctions persisting ST elevations 
are typical of an aneurysm. Occasionally, modest ST elevation 
in to V5, combined with a borderline q wave, may be the only 

sign of an anterior infarction. ST elevations in the inferior leads, 
associated with new Q waves, are typical for acute inferior MI. 
Minimal ST elevations have no special importance if the 
Q waves are not due to infarction, but are due to something like 
left ventricular hypertrophy. Remember that ST elevations in 
leads V^/V^ (up to 3 mm) without pathologic q waves represent 
a frequent normal variant, especially in sinus bradycardia. 

1 .3 Negative T Waves 

Persisting symmetric negative (so-called ‘coronary’) T waves 
may be a hint of myocardial infarction, even associated with 
only borderline q waves. Of course chest pain and multiple risk 
factors for coronary heart disease (CHD) favor the diagnosis of 
infarction. For detection of hypokinetic or akinetic areas an 
echo is often useful. ECGs 14.4 and 14.5 show typical patterns of 
an old inferior MI and of an old anterior MI, respectively. 

2 Normal Variants 

These are fully discussed in Chapter 3 The Normal ECG and its 
Normal Variants. 

2.1 Frontal Plane 

A Q wave with a duration of more than 30 msec or a QS wave 
may be seen in lead III (ECG 14.6) and sometimes also in lead 
aVF, because of projections. The T wave may be positive or 
negative, but is always asymmetric. A broad Q wave in lead aVL 
based on projections is rare, a significant Q wave in lead II as a 
normal variant is extremely rare. 

2-2 Horizontal Plane 

A QS wave in lead and/or (never in V^) may be due to 
erroneous placing of the leads one intercostal space too high. 



but is also found with correct placing of the leads (ECG 14.7). 
With a change from supine to an upright body position, the R 
voltage in the precordial leads may decrease considerably 
(clockwise rotation). ECG 14.8b shows an extraordinary loss of 
positive QRS deflections (compared to ECG 14.8a), resulting in 
QS waves up to V^. In both conditions (ECGs i4.8a-b) clinical 
and anamnestic findings, and especially an echo, help to assure 
a normal variant. 

3 Left Ventricular Hypertrophy 

i. Left ventricular hypertrophy may also be responsible for 
abnormal q or Q waves (or even QS waves) in lead III, more 
rarely in lead aVF, and very occasionally in lead II 
(ECGs 14.9 and 14.10). The T waves are generally positive 
and asymmetric. Other ECG signs or an echo confirm the 
diagnoses. 

ii. In some cases of left ventricular hypertrophy, especially in 
patients with aortic valve incompetence, the q waves in 

to V5 may measure up to 3 mm but the duration does not 
exceed 25 msec. In these cases left ventricular hypertrophy 
is obvious, based on very tall R waves in these leads. 

4 False Lead Poling 

False poling of the limb leads produces ‘pseudo-abnormaT 
Q waves. It is striking that the upper limb leads in particular 
are often subject to exchange, especially in emergency situa- 
tions. The inversion of lead I is not instantly recognized by 
some physicians. We find in lead I the mirror image of the usual 
QRS complex, often with ‘pathologic’ Q waves and negative 
T waves, mimicking infarction, but always combined with a 
negative p wave, in sinus rhythm (ECG 14.11). A glance at the 
precordial leads confirms that these leads do not reveal any 
signs of infarction and, in more than 99% of cases, do not show 
the typical pattern of situs inversus. For other false limb-lead 
poling see Chapter 32 Rare ECGs. In that chapter all possible 
lead misplacements are listed, for a left and for a vertical QRS 
axis. 

5 Left Bundle- Branch Block 

In LBBB a left-axis deviation is common and occasionally asso- 
ciated with a QS complex in III (and aVF), mostly with positive 
and asymmetric T waves. In to a QS complex may be pres- 
ent, although much more rarely than an rS complex (mostly 
with very small r waves). The diagnosis of LBBB is made on the 
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basis of a QRS duration of 140 msec or more and other typical 
signs (EGG 14.12, with QS in to V^). A q wave (qR complex) in 
leads I or aVL or V^/V^ is very rare. If there is a qR complex in 
at least three of these leads, old infarction is quite certain. 

6 Pre-Excitation (Wolff-Parkinson-White 
Syndrome) 

In patients with pre-excitation over a posteroseptal pathway, the 
delta wave and the following parts of the QRS complex are usu- 
ally negative in leads III and aVF, resulting in a QS complex with 
a duration of no msec or more. The T waves are always positive 
and asymmetric in both leads. The shortened PQ interval and 
the altered QRS complexes (the delta wave included) in the 
other leads confirm the correct diagnoses (EGG 14.13). 

7 Hypertrophic Obstructive 
Cardiomyopathy 

In some patients with hypertrophic obstructive cardiomyopa- 
thy (HOGM), striking Q waves of different grades may be 
encountered. 



The Full Picture 



8 Congenital Corrected Transposition 
of the Great Arteries 

In this very rare congenital anomaly not only is there inversion 
of the great arteries (aorta and pulmonary artery) but also of 
the ventricles. The ventricular excitation begins at the septal 
endocardium of the right-sided left ventricle. Thus the septal 
vector is not directed as it usually is from the left to the right, 
but more or less from the right to the left, and backwards. This 
leads to the so-called ‘inversion’ of q waves in the precordial 
leads. We find a q wave in lead but no q wave in lead 
(EGG 14.17). Due to variable rotation of the heart, this sign is 
found in only about 40% of cases. However, Preter et al [2] doc- 
umented this EGG sign in five of seven patients with this 
anomaly. 



i. The q waves are only minimally prolonged in leads I (aVL) 
and to (EGG 14.14). 

ii. The q or Q waves have a duration of 40 msec or more, in 
the same leads (EGG 14.15). 

iii. The main QRS vector is oriented to the right, backwards 
and upwards in a spectacular manner, resulting in negative 
QRS complexes in all leads except in aVR (and aVL), in 
combination with Q or even QS waves (EGG 14.16). In these 
extremely rare cases the diagnosis of infarction is occa- 
sionally made erroneously. However the T waves are posi- 
tive and asymmetric, discordant to the negative QRS com- 
plexes. The patients are generally young and reveal typical 
clinical findings of HOGM. 

The abnormal Q waves in HOGM can be explained by sep- 
tal hypertrophy. In cases of extensive QS configuration 
there is an additional excessive conduction disturbance in 
the whole left ventricle, due to the chaotic orientation of 
the muscle fibers. 

In many patients with HOGM abnormal q waves are miss- 
ing. The EGG then shows ‘simple left ventricular hypertro- 
phy’, an LBBB, or may be even normal. 



9 Situs Inversus 

This is another very rare congenital anomaly in which the 
heart is displaced to the left hemithorax like a mirror image. 
Often cardiac function is normal. In the EGG the inversion of 
the atria leads to the same alterations in the frontal plane as in 
the case of false poling of the upper limb leads - lead I is 
inverted. The inversion of the ventricles consequently pro- 
duces a typical pattern in the precordial leads. In contrast to 
the typical increase of the R waves and the decrease of the S 
waves from to V^, we observe decreasing and small r waves 
and tall S waves in to (EGG 14.18). The EGG can be ‘nor- 
malized’ if a) the upper limb leads are exchanged, and b) if the 
precordial electrodes are placed at the right side of the thorax 
in an otherwise usual manner. It is said that really good physi- 
cians make the diagnosis before studying the EGG, by heart 
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palpitation, percussion and auscultation. The diagnosis is con- 
firmed by thoracic x-ray (and echocardiogram). 

10 Q Waves after Pneumectomy 

In a minority of patients the dislocation and/or rotation of the 
heart due to pneumectomy leads to pathologic Q waves in the 
anterior or inferior leads (see also ECG 32.8 and 32.9 Chapter 
32 Rare ECGs). 

11 Q Waves in Pneumothorax 

The same reason (dislocation and/or rotation of the heart) may 
provoke pathologic Q waves in the precordial leads in left 
pneumothorax [3]. 

12 Q Waves after Pericardectomy 

Wood et al [4] published a case of ‘reversible MT in a patient 
after pericardectomy. The ECG showed striking Q and QS com- 
plexes in leads to and slight ST elevations in to V^. The 
left ventricular ejection fraction (EF) was 20%-25%, serial 
evaluation of creatine kinase and troponin I remained normal. 
The cardiac damage was attributed to ‘myocarditis induced by 
operative trauma’. ECG and EF normalized within 2 weeks. 

13 Q Waves in Amyloidosis of the Heart 

In heart amyloidosis the ECG pattern of old anterior and/or 
inferior infarction with significant Q waves or with a QS com- 
plex is encountered in about 30% of cases. ECG 14.19 demon- 
strates striking Q waves in leads to V5. In a patient with 
thickened left ventricular wall (pseudohypertrophy) in the 
echo (without regional hypokinesia), and pathologic Q waves 
without signs of left ventricular hypertrophy in the ECG, amy- 
loidosis of the heart should be considered. However, the com- 
bination of decreased QRS voltage and increased left ventricu- 
lar mass is a much more frequent finding [5,6]. 

1 ^ Pseudo-Q Wave due to Retrograde 
Atrial Activation 

In AV junctional rhythm the atria are activated retrogradely 
and the direction of the p vector is inverse. In rare cases the 
p wave falls immediately before or into the beginning of the 
QRS complex and imitates Q waves in the inferior (and possi- 
bly in the lateral precordial) leads (ECG 14.20). 



15 A Rarity: Q Waves in Muscular 
Dystrophy Steinert 

Short Story/Case Report 1 

In August 2001 the young resident Doctor Steiner showed a 
fairly common ECG to the author with a little smile 
(ECG i4»2i); the author unfortunately overlooked that little 
smile and made the diagnosis of an old posterolateral infarc- 
tion, Doctor Steiner’s smile became broader: the patient was 
20 years old and had never had a chest pain. He suffered 
from musculodystrophia SteinerL 

Peripheral muscular dystrophy of the type Duchenne is often 
associated with hypertrophic (and dilating) cardiomyopathy. 
Generally concomitant cardiac dystrophy is most accentuated 
in the posterior and basal (lateral) region of the left ventricle, 
resulting in a hypokinetic zone, consequently leading to the 
pattern of an old posterior(-lateral) infarction (ECG 14.21). 
Also other heredofamilial neuromyopathic disorders as mus- 
culodystrophia Steinert (ECG 14.21), myotonic muscular dys- 
trophy, and Friedreich ataxia, may be combined with car- 
diomyopathy and occasionally with patterns of old MI [7]. 

16 QR Complex in Lead 

In patients with massive pulmonary embolism a QR complex 
in lead (instead of the common RSR’ (rSr’) complex) can be 
observed in io%-i4% [8,9]; ECG 14.22 shows an example. Also 
a QS complex may be seen in Vj (and V^) that is explained by 
an extensive rotation of the heart [1]. A QR complex in lead 
is also found in right ventricular hypertrophy. 

17 Q Wave in Lead in Right Atrial 
Dilatation 

Last but not least a gem of an abnormal q wave due to right 
atrial dilatation, in the presence of atrial fibrillation; this is 
shown in ECG 14.23. Rarely, acute or chronic extensive dilata- 
tion of the right atrium may be the cause of the q in a qR com- 
plex in lead Vj. Why? In dogs and humans an electrode placed 
epicardially in the middle of the (normal) right atrium does 
not reflect the ventricular septal vector positively - as expect- 
ed - but with a small negative deflection [10]. Thus in a dilated 
right atrium, lead Vj may act as an ‘epicardial right atrial elec- 
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trode’ and therefore shows the same alteration: the QRS com- 
plex is registered through a dilated right atrium. The R of the 
qR wave corresponds to hypertrophic right ventricular 
myocardium above the ‘crista terminalis’, activated with laten- 
cy. Sodi Pallares et al [lo] found a qR complex in lead (and 
V^, very rarely up to V^) in patients with severe mitral stenosis 
with tricuspid regurgitation, acute pulmonary embolism, atri- 
al septal defects, and tetralogy of Fallot - all conditions with a 
markedly dilated right atrium. 

EGG 14.23 shows a Q wave in lead due to severe right atri- 
al dilatation in a person with severe mitral stenosis with tri- 
cuspid incompetence. The Q wave generally disappears after 
regression of right atrial dilatation, after surgical or drug treat- 
ment. 

It is fascinating that in exceptional cases an alteration of the 
QRS complex may indicate an alteration of an atrium; and this 
in the presence of atrial fibrillation (EGG 14.23). 
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ECG14.1 

35 y/m. Lung carcinoma. ECG: normal, with small q waves in leads 
1/11/ aVL and Vj/Vg. 



ECG 14,2 

Qr configuration in lead aVR in a nor- 
mal ECG. 



ECG 14.3 

QS configuration in lead 
aVR in a normal ECG. 
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ECG 14.4 

69 y/f. 4 -day-old inferior 
infarction. ECG: QS in leads 
lll/aVF, qrs in lead II, com- 
bined with deep symmetric 
negative T waves. Slight ST 
depression and negative 
T waves in V4 to V5. QT pro- 
longed. Coro: great right coro- 
nary artery (RCA) closed. 
Percutaneous transluminal 
coronary angioplasty (PTCA). 




ECG 14.5 

66 y/m. 4 -week-old anterolateral Ml. ECG: atrial fibrillation. 
QS complex in leads V2 to V3 and pathologic Q waves in I and 
aVL. Reduction of R amplitude in V4 to Vg. Slight ST elevation 
in leads V2 to V3 (V4, 1 , aVL) due to extensive anterolateral 
dyskinesia. 
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ECG 14.6 

67 y/f. Obese patient (body mass index 
32), no heart disease. ECG: QS (with initial 
'notch') complex in lead III, with asym- 
metric to symmetric positive T wave. 
Relatively small amplitude of QRS in pre- 
cordial leads (obesity). Echo: normal. 



ECG 14 J 

74 y/m. No heart disease, no risk factors for CHD. ECG (half 
calibration): QS in V^/V 2 , minimal r wave in V 3 . Echo: nor- 
mal. 
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a 



ECG 14.ga 

68 y/f. Terminal renal failure. ECG (as usual in 
supine position): QRS clockwise rotation in precor- 
dial leads (artifact in V4:'p' wave). Additionally QS 
in lll/aVF. 




b 



ECG 14.Sb 

Same patient. ECG (upright position for exer- 
cise test): complete loss of r waves (QS) from 
(V^) V2 to V5. qR in the inferior leads. 
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ECG149 

49y/f. Hypertension. ECG: left 
atrial enlargement. Deep and 
40 msec broad Q waves in 
lll/aVF. No classical signs for left 
ventricular hypertrophy. 
Alteration of repolarization ('sys- 
tolic overload'). Echo: left ven- 
tricular hypertrophy (left ven- 
tricular mass 135 g/m^), left ven- 
tricular function normal, no infe- 
rior hypokinesia. 




ECG 1410 

52 y/m. 3 months after valve 
replacement (severe aortic regurgi- 
tation). ECG: QS with initial 'notch- 
ing' in ill. Small q in ll/aVF. In con- 
trast to the ECG 4 months before: 
no signs of left ventricular hyper- 
trophy. Echo: regression of left ven- 
tricular hypertrophy (left ventricu- 
lar mass 165 g/m^ to 140 g/m^). 
Coro (4 months before): normal 
coronary arteries, left ventricular 
ejection fraction 50%. 




ECG 1411 

False poling (exchange of upper limb 
leads). 
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ECG 14.12 

54 y/f. Surgical problem. Small heart. Echo normal. LBBB 
of unclear origin (QRS 130 msec) with QS in to V 3 and 
small r in V4. 



ECG 14.13 

33 y/m. ECG: QS in leads III and 
aVF. Note that in aVF the PQ 
interval seems to be normal. 
Reason: the delta wave is iso- 
electric in this lead. Overall the 
ECG is very typical for pre-excita- 
tion. 
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ECG 14.14 

40 y/m. HOCM (systolic mean gradient 50 mmHg). ECG {half 
calibration in precordial leadsl): atypical left atrial enlarge- 
ment (p pseudo-pulmonale). Q waves pronounced in V4 to V5 
( V3). Sokolow index positive (44 mm), ST elevation in to 
V4 (up to 4 mm). 



ECG 14.15 

30 y/m. Severe HOCM. ECG: deep Q waves in II, 
aVF, III and V4 to Vg. QS complex in V3. Positive 
T waves in these leads. RBBB. 
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ECG 14.16 

22 y/m. Severe HOCM. ECG (50 mm/sec): sinus rhythm. Striking QRS 
vector in the limb and precordial leads. AQRSp about - 130°, with a 
positive QRS complex only in lead aVR (and aVL). Giant S waves in 
V 2 /V 3 . QS complexes in leads I, II, V 4 to Vg, as in extensive lateral Ml 
(however, positive discordant T waves). 




ECG 14.17 

22 y/f. Congenital corrected transposition of the great 
vessels, with ventricular septal defect grade Ilia (proven 
by heart catheterization and angiography). ECG (precor- 
dial leads, 50 mm/sec): so-called 'Q inversion': q wave in 
V<| but no q wave in Vg (arrows). 
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ECG 14.18 

40 y/m. Situs inversus. The anomaly was detected at the age of 20 years, during a 
routine check. The patient had never had cardiac symptoms. ECG: typical inversion 
of p waves and QRS complexes in lead I (similar or identical as in false poling of the 
upper limb leads). rS complex in all precordial leads, with decreasing r amplitude 
from Vi to Vg. ST/T alterations. 




ECG 14.19 

73 y/m. Amyloidosis of the heart. ECG: 
sinus rhythm, 103/min. AV block V, 
Peripheral low voltage. AQRSp - 90°. 
Prominent q waves in V 2 to Vg. 
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ECG 14.20 

Pseudo-Q wave in AV junctional rhythm. The negative deflection immediately before the QRS complex corresponds to negative p waves 
but may be confounded with q waves. Note that the pseudo-Q waves disappear during change to sinus rhythm (leads V4 to Vg). 
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ECG 14.21 

18 y/m. Steinert disease. ECG (half voltage(!) 

1 mV=5 mm): sinus rhythm, 1 1 7/min. AQRSp - 1 5®. Deep 
and broad Q waves in aVL and I (40 and 30 msec respec- 
tively). Prominent R wave in (50 msec), very tall R 
(and S) waves in V2/V3. Relatively small R wave and 
1 .5 mm deep q wave in Vg. Interpretation: the giant R 
and S amplitudes in V2/V3 (R -1- S=68 mm/62 mm) reflect 
biventricular hypertrophy (positive Katz-Wachtel sign). 
The pathologic Q waves (and high 'mirror-image' 

R waves) are consistent with posterolateral dyskinesia 
found in the echo. The left ventricle (mass 200 g/m^) 
and the right ventricle were hypertrophic. 





280 







aVR 



aVL 




aVF 



V1 : 



V2 _ 




E€G 14.22 

57 y/f. Acute massive pulmonary embolism (proven by spiral tomography). ECG: Qr 
complex in lead V^, QS complex in V 2 . Other 'typical' signs for acute PE: a) sinus rate 
100/min; b) S|/R|n; c) QRS clockwise rotation; d) negative T waves in V 2 /V 3 
Also ST elevation in is frequently found associated with the QR type. 
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ECG 14.23 

72 y/f. Severe mitral stenosis with 
pulmonary hypertension, right ven- 
tricular failure and tricuspid regur- 
gitation. Mitral valvulotomy 24 
years previously. ECG: atrial fibrilla- 
tion. Q wave (Qr complex) in V^, due 
to right atrial enlargement (for 
explanation see section 17). The 
q wave disappeared after diuretic 
therapy and regression of the heart 
size. 
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Chapter T5 

Acute and Chronic Pericarditis 



At a Glance 



Compared with myocardial infarction (Ml), pericarditis is quite 
a rare disease. Acute pericarditis is generally of viral or 
unknown etiology.The main symptom is a sharp (occasionally 
dull) pain of quite sudden onset, in the heart region, that 
varies with breathing and with different body positions. The 
pain may radiate to the neck and the scapular region. ECG 
alterations can be detected in about 90% of the cases if serial 
ECGs are available. 

Etiology 

Acute pericarditis is usually of unknown origin (in this case 
called ‘idiopathic pericarditis’) or has viral etiology. Chronic 
pericarditis is associated with many conditions. A summary of 
etiologies, specified for acute/subacute and subacute/chronic 
pericarditis, is presented in Table 15.1. 

ECG 

1 Acute Pericarditis 

In acute pericarditis four (or five) stages can be distinguished 
(theoretically). Not all stages are always present in the same 
patient: 

i. acute, very early stage: PQ depression, positive T wave 

ii. acute stage: ST elevation (plus PQ depression), positive 
T wave 

hi. intermediate stage: ST and PQ isoelectric, flattened 
T waves 

iv. subacute stage: negative T waves, ST and PQ isoelectrical 
V. (postpericarditis: normal ECG.) 



PQ depression (a slightly descending segment between the end 
of the p wave and the beginning of the QRS complex) is seen as 
an isolated ECG sign in the very early stage (stage 1) of peri- 
carditis in about 50% of cases, at best, in our experience 
(ECG 15.1). This alteration is extremely rare in acute MI (AMI). 
ECGs 15.2-15.3 show the more common combination of PQ 
depression with ST elevation in stage 2 pericarditis. 

ST elevation generally does not exceed 2.0 mm and may be 
present in the majority of the 12 standard leads, with the excep- 
tion of lead aVR, where ST is always depressed, and of lead Vp 
where ST may be depressed. In the precordial leads the ST ele- 
vation may be accentuated more midprecordially (V^ to V^) or 
more laterally (V^ and V^). In contrast to the pattern in AMI 
(where the ST elevation generally arises from the R downstroke 
and is mostly of higher amplitude), the ST segment frequently 
arises from the S wave in the midprecordial leads. However, in 
the limb leads and in the lateral leads V^/V^ the ST elevation 
often arises from the R downstroke - as in acute infarction. 

The frontal ST vector is between + 30° and + 70°. Thus the 
ST segment is elevated in leads aVF, II and I, a condition that is 
never seen in AMI. 

In contrast to the ECG pattern of MI, the ECG during the 
evolution of acute pericarditis shows no reduction of the 
R wave, and no development of pathologic Q waves. 

The negative T waves in subacute pericarditis (stage 4) are 
generally symmetric (as in ischemia) and are best detectable in 
the precordial leads (ECG 15.4). They may last for days or sev- 
eral weeks. 

T negativity can only be interpreted correctly if a series of 
ECGs demonstrate at least one of the typical preceding ECG 
signs: ST elevation or PQ depression. ECG 15.5 shows a ‘mixed’ 
pattern of acute and subacute stage, with ST elevation and 
beginning T negativity. 
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At a Glance 




Arrhythmias are very rarely provoked by pericarditis (except 
sinus tachycardia). If arrhythmias occur one has to look for 
coexisting organic heart disease. This may be concomitant 
myocarditis (very rare in viral or idiopathic pericarditis) or 
heart disease of any origin. 

2 Chronic Pericarditis 

In chronic pericardial diseases there are no specific ECG signs. 
T negativity is rather common. A massive pericardial effusion 

The Full Picture 



Idiopathic or viral acute pericarditis is an out-of-hospital dis- 
ease. A young physician in general practice may therefore 
encounter more patients with pericarditis within just a 
few years than he saw during all of his postgraduate in-hospi- 
tal training. Indeed, only those patients with complications 
(e.g. great pericardial effusion) or with pericarditis of other 
etiologies (e.g. bacterial, renal insufficiency, malignant tumor, 
tuberculosis, following heart operation) are treated in a hospi- 
tal. 

3 Etiology and Prevalence 

The etiology of pericarditis is manifold (Table 15.1). 

ECG Special 

4 PQ Depression 

Acute pericarditis provokes transmural injury of the atria, 
leading to an STa vector. Because the atrial walls are thin, the 
vector points to the opposite direction of the p vector. This pro- 
duces depression of the ‘PQ’ segment. 

This slightly descending segment between the end of the 
p wave and the onset of the QRS complex is very typical for 
acute pericarditis and is found in about 50% of cases - more 
often in the earliest stage of pericarditis [1,2]. PQ depression is 
generally seen in leads to and sometimes in the frontal 
leads. In conditions other than pericarditis PQ depression is 
due to an enhanced ‘STa’ and follows high p waves in the frontal 
leads, for instance in individuals with enhanced sympathetic 



may lead to peripheral low voltage. In cardiac tamponade ‘elec- 
tric alternans’ may be present. Constrictive pericarditis and 
cardiac tamponade result in diastolic dysfunction of the left 
ventricle (LV) and/or the right ventricle (RV). 



tone, where the negative ‘STa’ also influences the early ventricu- 
lar repolarization, inducing ST depression and not ST elevation. 

5 ST Elevation and ST Vector 

ST elevation corresponds to injury of subepicardial myocardi- 
um and T negativity to a reaction of the same substrate leading 
to ECG signs equal or similar to those with ischemic origin. 
The directions of the ST and T vectors are different in peri- 
carditis compared to AMI and subacute MI. The ST vector in 
AMI points to the injured area (inferiorly or anteriorly), 
whereas the (smaller) ST vector in acute pericarditis often has 
a more intermediate direction, due to the generalized inflam- 
mation of the pericardium. This leads to the characteristic 
behavior of ST elevation in the frontal leads, different in both 
diseases. Together with the different amplitude of ST elevation, 
the frontal ST vector represents the most important difference 
in the ECG in acute pericarditis and AMI (see section 6.1.3). 

6 Differential Diagnosis of Acute 
Pericarditis versus Acute Ml 

Astonishingly, ECG signs are seen in about 90% of patients 
with idiopathic or viral pericarditis [1,3], based on serial ECG 
registrations, whereas AMI can only be diagnosed in 6o%-70% 
in the ECG. Important differences in amplitude, configuration, 
and localization of the ST segment in the different ECG leads 
allow the correct diagnosis to be made in most cases. 
Moreover, the ECG evolution in pericarditis and MI is com- 
pletely different. 
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Table 15*1 

Etiology of pericarditis 



Acute^ubacute pericarditis 



Common 

- Idiopathic 

- Viral: coxsackievirus A and B, echovirus, adenovirus 

- Bacterial: staphylococcus, streptococcus, pneumococcus 

- Myocardial infarction [12] 

- Heart surgery 

- Chest trauma 

Rare 

“ Viral: mononucleosis, varicella, mumps virus, hepatitis B, Epstein -Barr virus 

- Baaeria I : Bacteroldes fra gi lis, Bifido bacteriu m [1 3], Borrel I a bu rgdorferi 
(Lyme disease), Brucella, Clostridium, Escherichia coli, Fusobacterium, 
Gram-negative sepsis, Klebsiella, meningococcus [1 4], Mycoplasma, 
Neisseria gonorrhoea. Neisseria meningitidis, Proteus, Pseudomonas, 
Salmonella 

- Pulmonary embolism (in 4% of cases) [15] 

- Fungal: Candida, Histoplasma 

- Other Infectio ns: a moeblasis [ 1 6], echinococcosis, 
leishmaniasis (kala azar) [17], toxoplasmosis 

- Acute rheumatic fever 

- Other CO nd itlons: d i ssecting aortic a neu ry sm, rad iation, pacema ker 
implantation [IS] 

^ Drugs: procain amide, phenytoin,hydra!azine,phenylbutazone, 
doxorubicin, clozapine [19], penicillin with eosinophilia. 

- Eosinophilic [20,21] 



Subacute/chronic pericarditis and chronic pericardial diseases 



Common 

- Uremia [treated and untreated) 

- Neoplasias: lung, breast, melanoma, leukemia, Hodgkin disease, 
lymphoma 

- Tuberculosis 

- Myxedema 

- Delayed injury: postpercardiotomy syndrome 
Rare 

- Infectl ons:AiDS,amoeblasis,amyloidosis,inflammatoFyboweldisease, 
sarcoidosis 

- Radiation 

- Autoi mmu ne d isorders: dermatomy ositl s, peha rteritis nodosa, f heu matold 
arthritis, scleroderma, systemic lupus erythematosus 

- Delayed injury: postmyocardlai infarction syndrome (Dressier syndrome) 

- Primary tumors: mesothelioma, sarcoma 

- Chylo pericardium [22] 

- Pacemaker implantation [231 



6.1 ST Elevation 

6.1 .1 Amplitude of ST Elevation 

In acute pericarditis the ST elevation is generally 1-2 mm and 
rarely exceeds 2.5 mm. In the typical pattern of AMI the ST ele- 
vation often exceeds 2.5 mm and may reach more than 10 mm. 

6.1 .2 Configuration of ST Elevation 

We have learnt from many EGG books that in most cases of 
acute pericarditis the ST segment is concave-upward, arising 
from the S wave, whereas in AMI it is usually convex-upward, 
arising directly from the R downstroke (so-called monophasic 
deformation). This statement is not correct; in anterior AMI, 
ST elevation may also arise from an S wave in leads Vj to V^, 
and in acute pericarditis ST elevation often arises from the 
R wave, in limb leads, and in leads V^/Vg. Moreover, the differ- 
entiation of ST configuration (convex/concave) is not reliable. 
The behavior of the frontal ST vector is much more important. 

6.1 .3 ST Elevation in Frontal ECG Leads and Frontal 
ST Vector 

The frontal ST vector in acute pericarditis is the best criterion 
for differentiation from an infarction pattern. The ST vector in 
acute pericarditis is + 30° to + 70° (Figure 15.1a), in acute infe- 
rior infarction + 80° to + 120° (Figure 15.1b) and in extensive 
acute anterior infarction - 40° to + 10° (Figure 15.1c). Therefore, 
in acute pericarditis we find ST elevation in leads I, II and aVF, 
in lead aVR ST depression is present. The ST may be isoelectric 
or also slightly elevated in lead III or in lead aVL, depending on 
the ST vector, pointing more to the right (up to + 70°) or more 
to the left (up to + 30°). EGG 15.3 demonstrates a frontal ST vec- 
tor of + 30° with ST elevation in leads aVL, I, II and aVF, com- 
bined with only slight ST elevation in the precordial leads (and 
ST depression in V^). 

This ST vector is extremely rare in AMI. In inferior AMI we 
find ST elevation in leads aVF, III and often II (in lead aVL ST 
is depressed). In anterior or anterolateral AMI there is ST ele- 
vation in leads aVL, I and sometimes II, but never in aVF or III, 
where ST is isoelectric or depressed. 

6.1.4 ST Elevation in Horizontal Leads 

In acute pericarditis ST elevation may be present in all precor- 
dial leads, with the exception of lead Vj where ST may be 
depressed (EGG 15.6), or be accentuated in the midprecordial 
(V^ to V^) or lateral leads (V^ to V^). In AMI the localization of 
ST elevation depends on the extension of anterior infarction 
(anteroseptal: Vj to V^/V^; anteroapical: to V^; anterolateral: 
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The Full Picture 







- 90 ^ 




Figure 1S.1a 

Frontal ST vector in acute pericarditis 




+ 30 ^ 



Figure 15.1b 

Frontal ST vector in acute inferior myocar- 
dial infarction 



- 90 ^' 




Figure 1S.1< 

Frontal ST vector in acute anterior myocar- 
dial infarction 



Vi to V^; strictly lateral: and V^). In none of the anterior 

AMI patterns do we ever find an ST depression in lead V^. ST 
depression in and V^/V^ is common in acute strict posteri- 
or infarction, as a mirror image of ST elevation in the dorsal 
leads Yj to V^. 

In a patient with subacute MI a sudden second elevation of 
the ST segment reflects local pericarditis (or new ischemia) or 
maybe a precursor of imminent myocardial perforation [4]. ST 
elevation in the right precordial leads has been described due 
to acute pericarditis [5]. However, in this case transmural 
injury (acute right ventricular MI) should not be overlooked. 
RV infarction occurs almost only associated with inferior LV 
infarction. 

6.2 Pathologic Q Wave 

In contrast to the ECG evolution in MI, in acute pericarditis 
there is no or only minimal reduction of R waves and no devel- 
opment of pathologic Q waves. If pericarditis occurs as a com- 
plication of AMI or subacute MI, the ECG may be troublesome. 

6.3 PQ Depression 

PQ depression is extremely rare in AMI, where it is due to atri- 
al ischemia or infarction. 



6.4 T-Wave Negativity 

Negative T waves develop in subacute pericarditis in the major- 
ity of cases and are generally symmetric. T wave negativity is 
best seen in the precordial leads to V^, whereas in MI nega- 
tive T waves appear in the leads with pathologic Q waves. 
Moreover, T-wave negativity in pericarditis develops after the 
ST segment has returned to the isoelectric line (exception see 
ECG 15.5), whereas in infarction the T waves still become neg- 
ative in the presence of ST elevation. 

7 General Differential Diagnosis of ST 
Elevation 

ST elevation is seen in acute pericarditis, acute and subacute 
MI, old infarction with aneurysm, Prinzmetal angina, mirror 
image of LV systolic overload and normal variants (including 
early repolarization). ST elevation is rarely encountered in 
hyperkalemia, hypercalcemia, cerebrovascular accidents, 
hypothermia, pneumothorax and hypertrophic obstructive 
cardiomyopathy [6]. Ginzton and Laks [7] studied 19 patients 
with acute pericarditis and 20 healthy individuals with ST ele- 
vation of the normal variant type (early repolarization includ- 
ed). They observed that an ST/T ratio of more or equal to 0.25 
in lead identified the patients with pericarditis and exclud- 
ed normal variants. 

A major ST elevation in leads V/V^ is an inherent compo- 
nent of the Brugada syndrome (Chapter 31 Special Waves, Signs 
and Phenomena). 
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Short Story/Case Report 1 



Short Story/Case Report 2 



In April 2001 an &3-year-old woman experienced dyspnea 
and a dull persisting pain in the heart region. On hospital- 
ization two days later she presented a good general (sub- 
febrile) statej with blood pressure 140/80 mmHg and pulse 
rate 80/min, The EGG (EGG 157) showed striking ST eleva- 
tion of 2-2.5 nim in leads III, aVF, II and to arising 
from the R wave in the inferolateral leads (but also slight ST 
elevation in lead I!)* An echocardiogram was not performed. 
In spite of only borderline elevated creatine phosphokinase 
(CPK) and troponin, AMI was diagnosed and thrombolysis 
was applied. Dyspnea was aggravated and because of pre- 
shock the patient was transferred to another hospital An 
echocardiogram revealed a great pericardial effusion and 
normal function of LV and RV. By pericardial drainage, 
400 mi of fluid (hematocrit 4%) were removed instantly, 
300 ml in the following 24 h. The patient recovered and the 
ECG normalized (no pathologic Q waves)* Goronary angiog- 
raphy was not performed. One year later the patient was still 
wellj but etiology of the pericardial effusion remains 
obscure* In conclusion, the ECG was strikingly similar to 
that of infarction. However, the frontal ST vector was + 65“ 
(with slight ST elevation in lead I). There was slight PQ 
depression in leads to (artifact in V^)* 

The differential diagnosis of acute pericarditis should 
have been considered, especially on the basis of only border- 
line troponin and CPK levels. Had the echocardiogram been 
performed in times the potentially dangerous (at this age) 
thrombolysis, which led to increase of pericardial effusion 
by bleeding, could have been avoided* 

A short, positive and small deflection (about 1 mm) in the 
region of the J point (the end of the QRS complex and the 
beginning of the ST segment, which is elevated) is called the 
stork-leg sign. Figure 15.2 shows the reason for this description. 
If we inverse the ECG by 180°, it is similar to a stork standing 
on one leg (the inverted R wave), with the other leg drawn back 
to the body (the small 7 point deflection’). This special sign is 
seen in leads to and occasionally inferiorly and is quite 
diagnostic for acute pericarditis (ECG 15.8). In this ECG we 
miss PQ depression, possibly due to the short PQ interval. A 
depressed PQ interval could be hidden within the QRS com- 
plex. 



In February 2000 the author received a telephone call from 
a close friend, a professor in psychosomatic medicine, who 
was on a skiing holiday in a small village. For several days he 
had felt ill in some way, and had suffered a dull retrosternal 
pain radiating sometimes to the scapula, the neck and both 
ears. The pain increased by deep breathing and with the 
Valsalva manoeuvre. Despite feeling ill he did about 20 km 
cross-country skiing per day. On the author’s suggestion he 
visited the physician in the village who performed an ECG. 
In the opinion of this physician a subacute inferolateral MI 
could not be excluded (CPK was significantly elevated: 
648 u /1 (normal value up to 195). The troponin level, received 
later from an external lab, was normal)* On the basis of the 
ECG transmitted by fax, the author appeased both of his col- 
leagues. The moderate ST elevation arose from the S wave, 
the frontal ST vector was + 50“ and the stork-leg sign was 
present (ECG 15*8). The further evolution was uneventful. 
Two weeks later the echocardiogram revealed a small peri- 
cardial effusion over the RV and the ECG had normalized^ 
the patient felt well again. Serum diagnostics were not made 
(as is usual with a physician who becomes a patient), the ele- 
vated CPK value was attributed to the cross-country skiing. 
Coronary angiography was not performed. Why should this 
be? The patient had no risk factors for coronary heart dis- 
ease , . , except for stress* 




Figure 15.2 

Stork-leg sign (design 
by Ursula Gertsch) 
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The Full Picture 




ECGs 15.9 and 15.10 show other examples of acute pericarditis 
with the stork-leg sign. The stork-leg sign is found in about 
30% of cases. It may be present in some leads as a normal vari- 
ant, without ST elevation in the lateral leads (EGG 15.11). Most 
probably the stork-leg sign is a variant of the ‘Osborn wave’ 
(see Chapter 31 Special Waves, Signs and Phenomena). In ‘early 
repolarization’ a concomitant similar phenomenon is localized 
also at the beginning of ST elevation, sometimes arising from 
the R wave (EGG 15.12). 

8 Arrhythmias 

Sinus tachycardia is the only arrhythmia related to acute peri- 
carditis [8,9]. It may be present also without fever and can per- 
sist several weeks. All other arrhythmias, including atrial fib- 
rillation, are connected with organic heart disease, e.g. with 
substantial myocardial involvement (perimyocarditis), which 
is rare in idiopathic or viral pericarditis, or with structural 
heart disease of any etiology. Spodick [10] makes the following 
statement: If your patient with arrhythmia has pericarditis, 
look carefully for heart disease. 

9 Chronic Pericarditis 

There are no typical EGG signs for chronic pericarditis, neither 
in its restrictive nor constrictive form. Slight ST elevation, sim- 
ilar to that in acute pericarditis may occur. In many cases neg- 
ative T waves (symmetric or asymmetric) are present in the 
precordial and some frontal leads. Constrictive and restrictive 
pericarditis lead to diastolic heart failure [11]. In the advanced 
stage of constrictive pericarditis, atrial fibrillation is not 
uncommon and the frontal QRS axis may be vertical. A great 
pericardial effusion often produces peripheral low voltage. 
This alteration is never seen in cardiac tamponade, where the 
heart silhouette in x-rays may be unchanged. 

1 0 Cardiac Tam ponade 

Electric alternans is sometimes seen in cardiac tamponade and 
in this case may represent an emergency situation (EGG 15.13). 
However, the diagnosis of this life-threatening complication is 
made on the basis of clinical findings and is confirmed by the 
echocardiogram. In the majority of cases with cardiac tam- 
ponade (especially after heart operations and in context with 
anticoagulation) the pericardial fluid or blood volume is rela- 
tively small (150-400 ml) and therefore very rarely leads to 
peripheral low voltage. 



^ 1 Clinical Findings in Acute Pericarditis 

Classically, the symptoms of idiopathic and viral pericarditis 
are general malaise, thoracic pain and occasionally fever. Often 
the pain is of sudden onset, somewhat circumscript in the 
heart region, left from the sternal border or retrosternally, 
sharp or burning. It is accentuated by breathing, the recumbent 
position, or moving the thorax, and by the Valsalva maneuver, 
especially if there is concomitant pleuritis. Leaning forward 
often relieves pain. The pain may also be dull or oppressive, 
however, and may radiate to the throat, the neck or the trapez- 
ius ridge, thus imitating the pain of AMI. Pericardial friction 
can be heard in only about half of cases. It is advisable to aus- 
cultate the patient as often as possible, not over the apex but in 
the middle of the sternum at the second to fourth intercostal 
space, or at the left sternal border - and during inspiration and 
expiration. 

(The references 12-23 are listed in Table 15.1, Etiology of peri- 
carditis) 
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ECG15.1 

53y/m. ECG 6 h after onset of acute chest 
pain. Early acute stage of pericarditis with PQ 
depression in I, II, aVF and to Vg. 



ECG1S.2 

65y/m. Acute idiopathic pericarditis. ECG: ST elevation in leads I, II 
and aVF (frontal ST vector about + 50®) and in (V2/V3) V4 to Vg. PQ 
depression in I, II, aVF, III and V2 to Vg. Note the small Q waves in 
^ 2 ^ 3 / 3 normal variant on the basis of the normal coro. 
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EC<5 15J 




74y/m. Liver transplantation. Subacute pulmonary embolism with 60y/f. Subacute viral pericarditis. ECG: negative T waves in II and 
small pleural and pericardial effusion. ECG: frontal ST vector + 30^ V 3 to Vg. 

ST elevation in aVL, I, II and aVF. Only slight ST elevation in (V 2 /V 3 /V 4 ) 

Vg/Vg. Note also PQ depression in I, II, aVF and V 3 to Vg. 
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ECGT5-5 

44y/m. Acute/subacute viral pericarditis. ECG: slight ST elevation 
in \, II and aVF, and in ( V 2 /V 3 ) V 4 to Vg, with beginning '1 negativi- 
ty' in V 3 to V 5 ( Vg). Note: 'negative T wave' above the isoelectric 
line. Slight ST depression in V^. 



ECG 15.6 

28y/f. Acute viral pericarditis. ECG: frontal ST vector -i- 60% with ST 
elevation in I, li, aVF and V 2 to Vg. ST depression in V,(!) Typical PQ 
depression in II, aVF (I) and V 2 to Vg. 
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ECG15.7 

Short Story/Case Report 1. 83y/f. ECG: acute pericarditis 
mimicking inferior AMI. However, the frontal ST vector 
is + 60% with ST elevation not only in II, aVF and III but 
additionally in I (and in Vs/Vg). Slight ST depression in 
V^. No PQ depression, possibly due to the short PQ 
interval (130 msec). 
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ECG 15.8 

Short Story/Case Report 2 . 62 y/m. 
Idiopathic acute pericarditis. ECG: frontal 
ST vector + 50 ^ ST elevation in I, II, aVF, III 
and V4 to Vg (V2/V3). Stork-leg sign in aVF 
and V4 to Vg {i). Minimal PQ depression in 
V4/V5 and in some limb leads (short PQ 
interval). 
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ECG15.9 p. 

68y/f. Acute idiopathic pericarditis. ECG: frontal ST vector + 60 °. ST 
elevation in I, II, aVF, III and V2 to V^. Stork-leg sign in V2 (V3), see 
arrows. Note that ST elevation arises exclusively from the R wave 
downstroke. 

ECGIS.IO^ 

73 y/m. Pericarditis 3 weeks after extensive posteroinferior Ml 
(Dressier syndrome). Tall R waves in V| to V3 as mirror image of pos- 
terior Ml, nonsignificant Q waves in II, aVF, III. Typical pattern of 
acute pericarditis. Frontal ST vector -1- 60 °, with ST elevation in I, II, 
aVF, III, and (Vi) V2 to Vg. Stork-leg sign in V2 to V5 (i). 
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ECG 15*11 

57y/m. Normal heart. Stork-leg sign in V 3 
(V 4 ) as a normal variant (arrows). 



ECG 15.12 

57y/m. Normal heart. Variant of 
Osborn wave in 'early repolarization'. 
The Osborn waves arise from the 
R wave downstroke, see leads V 2 /V 3 
(V4toV6). 
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EC6 15*13 

27y/m. Cardiac tamponade. Electric alternans of the QRS complex. 
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Chapter 16 

Electrolyte Imbalances and Disturbances 



At a Glance 



Clinically important abnormalities of electrolytes concern 
potassium (K) more often than calcium (Ca). A pathologic 
cellular or serum level of sodium (Na) is not detectable in the 
ECG, and this is also the case for hypomagnesemia, which is 
often combined with hypokalemia. Generally there is a 
disappointingly low correlation (10%-30%) between the ECG 
and definitively pathologic serum levels of electrolytes. More 
importantly, severe or extreme electrolyte imbalance is 
detectable in the ECG in up to 90%. The recognition of typical 
ECG patterns or arrtiythmias may even represent the first hint 
for a severe electrolyte disturbance. For instance, an extremely 
broad QRS may be due to hyperkalemia, and a ventricular 
tachycardia of the type torsade de pointes may indicate 
hypokalemia. 

Note that in many cases of electrolyte imbalance the 
etiology is known in advance. In other instances, the reader 
may find a detailed checklist useful, such as the one provided 
in Appendix 1 at the end of this chapter. 

ECG 

1 Hyperkalemia (Hyperpotassemia) 

Every physician is familiar with the typical tall and peaked, so- 
called ‘tented’ T waves of hyperkalemia, generally present in 
mild or moderate hyperkalemia. Surprisingly, the ECG pattern 
in severe hyperkalemia is not as well known, and sometimes it 
is not correctly interpreted. However, this ECG represents an 
urgent situation. It is characterized by extremely broad 
QRS complexes measuring up to 0.2 sec, or even 0.26 sec, with 
an atypical bundle-branch block pattern (ECGs 16.1 and 16.2). 
Additionally, a tall T wave is often seen. In rare cases a marked 
ST elevation is present, mimicking acute myocardial injury. 
Often the p wave is not visible, thus imitating a ventricular 



rhythm (ECG 16.1). In reality sinus rhythm is present. The 
potassium induced ‘intoxication’ (also of the atria) inhibits a 
visible atrial depolarization. Life-threatening arrhythmias may 
develop, such as ventricular tachycardia and fibrillation, or 
ventricular asystole. 

ECGs i6.3a-c illustrate the ECG patterns of a patient with 
terminal renal failure and severe hyperkalemia, that are re- 
gressing rapidly during hemodialysis. 

The ECG in moderate hyperkalemia shows the well-known 
tall, peaked and symmetric (‘tented’) T waves, especially in the 
middle or lateral precordial leads (ECG 16.4), and less in the 
frontal leads. 

2 Hypokalemia (Hypopotassemia) 

The ECG in severe hypokalemia is characterized by di fusion of 
the T wave with a prominent U wave (ECGs 16.5 and 16.6). The 
QT interval cannot be measured, because the end of the T wave 
is not identifiable. The ST segment may be depressed or not 
(ECGs 16.5 and 16.6). ECG alterations similar to those due to 
hypokalemia are seen in patients under amiodarone 
(ECG 16.7). Similar to the true Tong QT syndromes’ (Chapter 26 
Ventricular tachycardias), other conditions with TU fusion 
favor episodes of polymorphous ventricular tachycardia of the 
type ‘torsade de pointes’ (see Short Story/Case Report 2). This 
type of ventricular tachycardia has a high rate (between 160 
and 300/min) but generally converts into sinus rhythm sponta- 
neously. However, longer episodes lead to syncope, and the 
tachycardia may degenerate into ventricular fibrillation. 

3 Hypercalcemia 

In moderate-to-severe hypercalcemia the ECG is characterized 
by a shortened QT interval, always at the expense of a shortened 



299 



At a Glance 




or absent ST segment (ECGs i6.8 and 16.9). Although the EGG 
pattern is striking and a glance at the EGG computer print 
(which indicates QTc time) often provides the diagnosis, this 
condition is often overlooked even by experienced EGG read- 
ers. There are several reasons for this: 

i. the pattern is rare 

ii. the EGG looks so normal otherwise 

hi. experienced EGG readers can be arrogant (!). 

Hypercalcemia may be found in patients with primary or sec- 
ondary hyperparathyroidism, tumors with or without metas- 
tases, acute and chronic renal failure, and other conditions. 

4 Hypocalcemia 

Hypocalcemia is a rare finding. In contrast to hypercalcemia, a 
prolonged ST segment is found in the EGG, with a consecutive 
prolonged QT interval (EGG 16.10). Isolated hypocalcemia is 
due to hypoalbuminemia, and disturbances in Parathormon 
and Vitamin D metabolism, generally in patients with chronic 
renal disease. 



The Full Picture 



The action potential of the isolated heart muscle fiber is direct- 
ly related to - or created by - shifts of the electrolytes sodium 
ions (Na'''), calcium ions (Ga^"*") and potassium ions (K+). Only 
imbalance of potassium and/or calcium can be recognized in 
the EGG. Although the correlation between the serum level of 
these electrolytes in the serum and the alterations in the EGG 
is not at all strong, severe electrolyte disturbances can often be 
detected in the EGG. (A detailed list of the etiologies of elec- 
trolyte imbalance is given in Appendix 1 at the end of the text 
of this chapter.) 

ECG Special 

6 Hyperkalemia (Hyperpotassemia) 

Tall, symmetric T waves in the EGG are generally recognized as 
a possible sign of hyperkalemia. Astonishingly, not all physi- 



The combination of hypocalcemia and hyperkalemia is seen 
mostly in patients with chronic renal failure. The EGG shows a 
prolonged ST segment with QT lengthening and tall and some- 
what peaked T waves (EGG 16.11). 

S Therapy of Potassium Imbalance 

5.1 Severe Hyperkalemia 

The fast recognition of the EGG pattern in severe hypokalemia 
allows a rapid and simple therapy: 10 ml of intravenous calci- 
um gluconate (given slowly) normalizes within minutes both 
the cellular membrane potential and the EGG. Further therapy 
depends on the underlying disease, which is usually renal 
insufficiency or hyperglycemia. 

SJ2 Severe Hypokalemia 

The therapy is potassium substitution that is generally com- 
plemented by magnesium substitution. Hypomagnesemia, not 
detectable in the EGG, often accompanies hypokalemia, espe- 
cially if the potassium deficit is caused by diuretic drugs. A 
transient pacemaker may be useful. 



dans - cardiologists included - consider the possibility of 
severe hyperkalemia on the basis of some typical and danger- 
ous manifestations in the EGG. 

EGGs 16.1, 16.2 and 16.3a show typical signs of severe hyper- 
kalemia with an extremely broad QRS complex, measuring 
180-260 msec and a bundle-branch-block-like pattern, that 
does not fulfill the criteria of either typical right bundle- 
branch block (RBBB) or left bundle-branch block (LBBB). 
Generally the R waves are decreased and the S waves are 
increased. Very rarely, there is a pronounced ST elevation (up 
to 8 mm!) which imitates acute myocardial infarction and 
which is called dialyzable current of injury. The T wave is 
deformed and broad and seems to arise from the QRS complex. 
The QT interval is generally prolonged. 

Severe hyperkalemia greatly diminishes the atrial vectors. 
Thus the atrial depolarization can no longer be detected in the 
EGG. A ventricular rhythm (generally at a rate of 70-130/min) 
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is simulated, in the presence of sinus rhythm (ECGs i6.i, 16.2, 
16.3a). 

Ventricular arrhythmias are not unusual, including ventric- 
ular premature beats (VPBs) and ventricular tachycardia that 
may degenerate into ventricular fibrillation. 

Another less common sign of severe hyperkalemia is exces- 
sive bradycardia, due to atrioventricular (AV) block 2° and 3° 
[1], or sinoatrial (SA) block up to longer episodes of cardiac 
standstill (EGG 16.12b). Arrhythmic death from ventricular fib- 
rillation occurs more often than from cardiac standstill. In 
some cases the EGG features are combined as in the case report 
that follows. 

Short Story/ Case Report 1 (or Tremendous 
57 Minutes for a Young Patient and his 
Physicians) 

In July 1997 heart transplantation was performed in a 19- 
year-old patient with Ivemark syndrome combined with 
situs inversus, single atrium and ventricle after total 
cavopulmonary connection. An erroneously transplanted 
heart with a distinct blood group (B -0 mismatch) had 
severe consequences. Although the first 36 h postoperativeiy 
had been fairly uneventful, the still intubated patient showed 
a decrease in urine excretion as time progressed (that was 
only detected retrospect ively)^ this was followed by a fall of 
blood pressure from 120/70 mmHg to 90/50 mmHg and 
increasing VPBs. The EGG done 40 min before the event 
showed sinus rhythm, a normal QRS, and runs of VPBs 
(EGG 16.12a). Just as the intensive care team arrived (a spe- 
cialist in the field, a cardiologist and a surgeon) sudden ven- 
tricular asystole occurred, which was detectable on the ECG 
monitor. Cardiac massage was applied immediately 
(EGG 16.12b). After 13 min a sIow'VT' developed at a rate of 
95/min, with strikingly broad QRS (ECG 16.12c). The cardi- 
ologist asked: What's the serum potassium level? Answer: 
Four hours ago it was normal (3.8 mmol/l). And now? 
Answer: Result on the way (An urgent call to the lab.) 
Potassium 7-6 mmol/l 40 min before(!). Therapy: epineph- 
rine and insulin and rinally(l) calcium gluconate. Another 
7 min later, the ECG showed sinus tachycardia with enor- 
mous ST elevation ('dialyzable injury') (ECG i6.i2d). As 
there was no palpable pulse and the arterial catheter was 
obstructed, cardiac massage was continued. In the interval 
there was sinus rhythm with normal broad QRS and less ele- 
vated ST: in addition, there were episodes of ventricular 



tachycardia with a maximal rate of 260/min (ECG i6.i2e). 
The blood pressure had normalized 15 min later (measured 
over a new catheter), and the ECG showed sinus tachycardia 
without other ECG abnormalities (ECG i6.i2f). Hemo- 
dialysis was begun. Thereafter the patient had many other 
severe complications, not related to electrolyte imbalance or 
arrhythmias [2]. Einally he recovered and was dismissed 
from the hospital 8 weeks after heart transplantation. Five 
years later he was in good health. 

In conclusion: within a few hours progressive renal fail- 
ure with severe hyperkalemia developed, with life-threaten- 
ing consequences. The immediate recognition of strikingly 
broad QRS on the ECG monitor possibly saved the life of the 
patient on this occasion. 

Moderate hyperkalemia is characterized by tall, peaked, so- 
called ‘tented’ T waves with a small basis of the T wave 
(ECG 16.3b, ECG 16.4). It must be mentioned that those T waves 
may also be present in severe hyperkalemia. 

6.1 Drfferential Diagnosis of Tall and 
Peaked T waves 

Prominent T waves exceeding a voltage of 0.8 mV are also seen 
in healthy individuals with dominating vagal tonus, most com- 
bined with sinus bradycardia. The T waves are high and peaked 
(but asymmetric and with a normal broad basis) in leads V^/V^ 
(and V4), but generally of normal amplitude in leads V^/V^ 
(ECG 16.13). 

Very tall and peaked, almost symmetric T waves, especially 
in leads V^ to V^, are typical for the earliest period of acute 
myocardial infarction. This alteration represents acute ischemia 
of the subendocardial layers of the left ventricle and is rarely 
captured by an ECG because it lasts only minutes. Generally 
heavy chest pain is present or develops within a short time, 
together with the appearance of ST elevation in the ECG. 

6.2 Prevalence, Clinical Findings and 
Etiology of Hyperkalemia 

Most cases of severe hyperkalemia are seen at the hospital 
emergency stations, sometimes transferred with a wrong diag- 
nosis due to multiple symptoms such as nausea, vomiting, 
faintness, vertigo, para- or tetraparesis, syncope and rarely 
coma [3]. Out of the reported eight emergency patients (aged 
44-75 years, mean 64 years) with a serum potassium level of 
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7.1-11.2 mmol/1, seven patients showed renal failure, and in all 
patients drugs were involved. Seven patients showed marked 
ECG signs including absent p wave; five patients had extreme- 
ly broad QRS complexes. All but one patient (with severe heart 
failure due to valvular and coronary heart disease) were treat- 
ed successfully. 

Hyperkalemia is quite frequent in hospitalized patients, 
between i% and io%. However, the patient is under better con- 
trol. Acker et al [4] described 242 episodes of hyperkalemia in 
patients, hospitalized in a division for renal diseases and con- 
secutively with predominant renal failure. Drugs (in 63%) and 
hyperglycemia (in 49%) contributed to the development of 
hyperkalemia. Only a few patients showed rather severe hyper- 
kalemia, and from the 161 episodes observed with ECG moni- 
toring only six patients (8%) had a widened QRS complex and 
only 26 patients (36%) showed peaked T waves. There were no 
serious arrhythmias and no death occurred as a consequence 
of hyperkalemia. The correlation between the potassium level 
and the ECG was quite poor, very probably due to the low num- 
ber of patients with excessive hyperkalemia. 

Hyperkalemia is mainly due to renal insufficiency, in about 
60% of cases. Other causes are hyperglycemia, metabolic aci- 
dosis (especially mineral acidosis), rapid tumor lysis, hypoal- 
dosteronism, fasting, rhabdomyolysis and limb ischemia [5]. 
Many drugs aggravate or induce hyperkalemia [5]. These drugs 
include nonsteroidal anti-inflammatory agents (NSAIDs), 
spironolactone, amiloride and, in rare cases, angiotensin-con- 
verting enzyme (ACE) inhibitors, angiotensin II receptor 
blockers, heparin, beta-adrenergic blockers, alpha-adrenergic 
antagonists, cyclosporine and digoxin. 

6.3 Therapy of Severe Hyperkalemia 

After the emergency treatment of severe hyperkalemia by 
intravenous calcium gluconate 10 ml (0.22 mmol or 89 mg), 
with an effect lasting 30-60 min, further therapy depends on 
the underlying disease and should be managed by experienced 
physicians. They will decide if insulin, catecholamines, other 
drugs, or hemodialysis are indicated. Bicarbonate has little 
effect [5] but is still given in metabolic acidosis. 

7 Hypokalemia (Hypopotassemia) 

The correlation between the ECG and hypokalemia is some- 
what stronger than for hyperkalemia [6-8] and leads to alter- 
ations of the repolarization. The typical fusion of the T wave 



with the U wave is generally seen in serum potassium levels 
below 2.6 mmol/1, and is often best detected in the mid-pre- 
cordial leads (ECGs 16.5 and 16.6). 

As mentioned, in TU fusion the end of the T wave cannot be 
identified. The QT interval has to be estimated. It has been argued 
that the correct QT time is often visible in lead aVL. We do not 
agree with this opinion, because the end of the T wave and the 
U wave may be isoelectric in this lead, by reason of projection. 



Short Story/Case Report 2 

In March 2000 a 19-year-old woman with bulimia and irreg- 
ular intake of diuretic drugs suffered several episodes of syn- 
cope during the previous few weeks, with loss of conscious- 
ness lasting up to 10 min. On entry into hospital the patient 
had no complaints, her body weight was normal{!)* The ECG 
showed sinus bradycardia alternating with AV dissociation, at 
a rate of 40-45/min (ECG 16.14a), The QTc (QTUc respective- 
ly) was 0,56 sec and there was a somewhat unusual fusion of 
the T wave with the U wave (ECG 16.14b), Potassium levels 
were 2.3 mmoi/1 (3. 4-5.2), and magnesium levels 0.71 mmoI/1 
(o7"i,o). The patient was put on an ECG monitor and potas- 
sium {and magnesium) substitution was started. After a 
short time multiple (about 30) episodes of ventricular tachy- 
cardia occurred at a rate up to > 300/min lasting from 4 sec 
to a maximum of 22 sec. In some ECG stripes Torsade de 
pointes* were identified (ECGs i6.i4c-d), in other stripes a 
monomorphic ventricular tachycardia with the pattern of 
ventricular flutter (ECG i6.i4e) was seen. The patient became 
dizzy on some occasions but lost consciousness only rarely 
for several seconds. Defibriilation was not necessary. After 4 h 
the episodes of ventricular tachycardia stopped. On the fol- 
lowing day, the potassium level was within normal limits, the 
QTUc was still prolonged, and episodes of bradycardia AV 
dissociation persisted. Potassium was given orally and 3 days 
later the patient was dismissed with a normal ECG (sinus 
rhythm, rate 72/min, QTUc 0.46 sec) and a potassium serum 
level of 4.8 mmol/ 1 . Psychiatric therapy was organized. 

Conclusion: severe hypokalemia may represent a danger- 
ous condition. Hypomagnesemia or a pre-existing pro- 
longed QT (e.g. due to drugs) favor the development of tor- 
sade de poinies type of ventricular tachycardia. The treating 
physicians were very happy about the favorable outcome in 
this young woman, after episodes of ventricular tachycardia 
at rates up to 360/min (see ECG i6,i4d). 
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In very rare cases of hypokalemia, a p wave of high amplitude 
in the inferior leads is seen, imitating right atrial enlargement 
(‘p pseudo-pulmonale’). 

Moderate hypokalemia produces unspecific slight 
ST depression only, flattening of the T wave and some increas- 
ing of the U wave, without fusion of T and U. 

7.1 Pathophysiology of Hyperkalemia 
and Hypokalemia 

A detailed review article about the pathophysiologic mecha- 
nisms in hyperkalemia and hypokalemia was recently pub- 
lished by Halperin and Kamel [9]. 

8 Hypercalcemia 

The most important shifts of calcium ions seem to occur dur- 
ing phase 2 of the action potential of a single heart muscle 
fiber. Phase 2 corresponds to the ST segment in the EGG. It 
seems logical that calcium imbalance influences the ST seg- 
ment. A minimal decrease of the QRS duration, caused by 
hypercalcemia, is not measurable in the EGG. 

The correlation between the calcium serum level and the 
EGG is poor [10]. However it is exciting to suspect, for instance, 
primary hyperparathyroidism on the basis of an EGG. 

The only valuable EGG feature in hypercalcemia is the 
shortened QT interval, that is always decreased at the 
expense of the ST segment, which is shortened or absent [11]. 
This may be easily overlooked, more in EGG 16.9 than in 
EGG 16.8. In cases of doubt, the QaT interval (from the 
beginning of Q to the apex of T) is a more reliable measure 
than the QT time. 

Short(est) Story/Case Report 3 

Some years ago the author had the opportunity to diagnose 
hypercalcemia in a patient with left bundle-branch block 
(LBBB) - a rare combination, and not an easy diagnosis, as 
the ST segment in LBBB generally seems to be short because 
of the broad QRS. He missed it. . . 

Arrhythmias in hypercalcemia are extremely rare. Ventricular 
arrhythmias, associated with sudden changes in blood pres- 
sure may occur during or after operation of parathyroid 
tumors, due to abrupt changes in serum and intracellular cal- 



cium levels. Arrhythmias (e.g. SA block, sinus arrest, AV block 
ventricular premature beats, ventricular tachycardia) 
may also arise by rapid injection of calcium, especially in fully 
digitalised patients. Lethal outcomes have been described in 
early publications. 

9 Hypocalcemia (Isolated or Associated 
with Hyperkalemia) 

Isolated hypocalcemia is rare [12]. Prolongation of the QaT 
interval is more specific than prolongation of the QT inter- 
val that may be influenced by other factors such as drugs. 
Moreover, the U wave may be ‘absorbed’ by the T wave. 
However, neither the prolonged QT interval nor this type of 
TU fusion in hypocalcemia predispose to ventricular tachy- 
cardia of the type torsade de pointes. The long QT is based 
on prolongation of ‘phase 2’, whereas in the ‘long QT syn- 
drome’ and in TU fusion of hypokalemia ‘phase 3’ is affect- 
ed. 

The T wave is generally normal, in some cases it may be 
somewhat peaked (without concomitant hyperkalemia). But in 
most cases a prolonged QT in combination with tall and 
peaked T waves is due to hypocalcemia and hyperkalemia, 
especially in patients with renal failure. 

10 Hypomagnesemia 

It is generally acknowledged that hypomagnesemia is not 
detectable in the EGG. Due to its rather common association to 
hypokalemia, the serum level of magnesium should be deter- 
mined in every case of hypokalemia, with or without EGG 
alterations. 

1 1 Hypermagnesemia 

In patients with intravenously administered magnesium sul- 
fate, an increase of PQ interval and QRS duration has been 
described, as well as bradycardia due to AV block or SA 
block [13,14]. Too rapid injection of magnesium may induce 
cardiac asystole [15]. Opinions about the therapeutic effect of 
magnesium in arrhythmias are controversial [15,16]. 

Experimental hypermagnesemia in patients with normal 
QT interval induces - by blocking the slow sodium channel - 
slight prolongation of intra-atrial and AV-node conduction. 
During fast ventricular pacing a minor increase in QRS dura- 
tion occurred, whereas a shortening of the QT interval was not 
observed [17,18]. 
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12 Sodium imbalance 

Hypernatremia and hyponatremia do not induce detectable 
alterations in the EGG. This is astonishing, because the rapid 
transfer of sodium into the cell during phase 0 of the action 
potential (depolarization) of the single heart muscle fiber pro- 
duces the most rapid and most evident change of the potential, 
corresponding to the initial part of the QRS complex. 
Theoretically one would expect that the amplitude and the slew 
rate of the QRS could be influenced. 

1 3 New Classification of Antiarrhythmic 
Drugs 

Over the last few decades there have been considerable increas- 
es in our knowledge about cellular electrolyte channels and the 
pathophysiologic mechanisms of antiar rhythmics and other 
drugs. Based on this progress, a new classification for antiar- 
rhythmic drugs was proposed, called the ‘Sicilian Gambit’ [19]. 
This should replace the older one by Vaughan Williams [20,21]. 
Based on the statement of Garratt and Griffith [22] this new 
concept has had little influence on daily practice, hitherto. One 
may hope, however, that a more recent publication will help to 
propagate this fascinating approach [23]. 

References 

1. Ohmae M, Rabkin SW. Hyperkalemia-induced bundle-branch 
block and complete heart block. Clin Cardiol i98;i4:43-6 

2. Mohacsi P, Rieben R, Sigurdsson G, et al. Successful treatment 
of a B-type allograft into an 0 -type man with 3 year clinical 
follow-up. Transplantation 2001;72:1328-30 

3. Tamm M, Ritz R, Truniger B. Der hyperkaliamische Notfall: 
Ursache, Diagnose und Therapie. Schweiz med Wschr 
1990;120:1031-6 

4. Acker CG, Johnson JP, Palevsky PM, Greenberg A. 
Hyperkalemia in hospitalized patients. Arch Intern Med 
1998;158:917-24 

5. Greenberg A. Hyperkalemia: Treatment options. Sem in 
Nephrol 1998;18:46-57 

6. Dreifus LS, Pick A. A clinical correlative study of the electro- 
cardiogram in electrolyte imbalance. Circulation I956;i4:8i5 



7. Surawicz B. Relationship of electrocardiogram and elec- 
trolytes. Am Heart J I967;73:8i4 

8. Fletcher GF, Hurst JW, Schlant RC. Electrocardiographic 
changes in severe hypokalemia. A reappraisal. Am J Cardiol 
1967;20:628-31 

9. Halperin ML, Kamel KS. Potassium. Lancet 1998;352:135-40 

10. Bronsky D, Dubin A, Kushner DS, et al. Calcium and the elec- 
trocardiogram. III. The relationship of the intervals of the 
electrocardiogram to the level of serum calcium. Am J Cardiol 
196 i ;7:840 

11. Bronsky D, Dubin A, Waldstein SS, et al. Calcium and the elec- 
trocardiogram. I. The electrocardiographic manifestations of 
hyperparathyroidism and of marked hypercalcemia from vari- 
ous other etiologies. Amer J Cardiol i96i;7:833 

12. Bronsky D, Dubin A, Waldstein SS et al. The electrocardio- 
graphic manifestations of hypoparathyroidism. Amer J 
Cardiol i96i;7:823 

13. Miller JR, van Dellen TR. Electrocardiographic changes fol- 
lowing the intravenous administration of magnesium sulfate. J 
Lab Clin Med I94i;26:iii6 

14. Smith PK. Pharmacologic actions of parenterally administered 
magnesium salts. Anesthesiology 1942;3:323 

15. Brugada P. Magnesium: an antiarrhythmic drug, but only 
against very specific arrhythmias (Editorial). Eur Heart J 
2000;2i:iii6 

16. Stuehlinger HG. The wider use of magnesium (letter). Eur 
Heart J 2001;22:713-4 

17. DiCarlo LA, Morady F, Buitleir M, et al. Effects of magnesium 
sulphate on cardiac conduction and refractoriness in humans. 

J Am Coll Cardiol 1986;7:1356-62 

18. Kulick DL, Hong R, Ryzen E, et al. Electrophysiologic effects of 
intravenous magnesium in patients with normal conduction 
system and no clinical evidence of cardiac disease. Am Heart J 
1988;115:367-73 

19. The Task Force of the Working Group on Arrhythmias of the 
European Society of Cardiology. The ‘Sicilian Gambit’. Review. 
Europ Heart J 1991;12:1112-31 

20. Vaughan Williams EM. A classification of antiarrhythmic 
actions reassessed after a decade of new drugs. J Clin 
Pharmacol 1984;24:129-47 

21. Vaughan Williams EM. Significance of classifying antiarrhyth- 
mic actions since the cardiac arrhythmia suppression trial. J 
Clin Pharmacol 1991;31:123-35 

22. Garratt CJ, Griffith MJ. The Sicilian gambit: an opening move 
that loses the game? Eur Heart J i996;i7(3):34i-3 

23. Anon. The search for novel antiarrhythmic strategies. Sicilian 
Gambit. Eur Heart J 1998;19:1178-96 



304 



Appendix 1 Etiology 



In many cases of electrolyte imbalance the etiology is known, 
often in advance. For other cases a checklist is useful: 



Hyperkalemia 



Increased intake/cut back 
Cytolysis (hemofysiSn rhabdomyolysis) 
Tumor lysis 
bums 

Transfusian of bleed 
Distribution imbalance 
Acidemia 

Diabetic ketoacidosis 
Hypertonidty (hyperosmolarity) 
Decreased loss 

1. Renal failure 
1 . Various 

Primary hypoaldosteronism 

- Add Esc rr disease 

- Adrenogenital syndrome 
Secondary hypoaldosteronism 

- Diabetic nephropathy 

- Systemic lupus erythematosus 

- Sickle cell anemia 

- Amyloidosis 

- Drugs (see [1st beEow) 



Hypokalemia 



Decreased intake 

Anorexia 

Distribution imbalance 

Alkalosis (e.g. vomiting) 

Catecholamines (stress-induced; drugs see below) 
Anabolic state [myeloproliferative diseases) 
Hypothermia 
Increased loss 

a) Extrarenal 
Diarrhea 
Vomiting 
Villous adenoma 
Lower Gl fistulas 

Vipoma (Verner-Morrison syndrome) 

Sweating 

Burns 

b) Renal 

k Potassium-losing nephritis 
2. Various 

Primary hyperaldosteronism 

- Con n sy nd rome [adren a I adenoma) 

- Adrenal carcinoma 

- Adrenocortical hyperplasia 
Secondary hyperaldosteronism 

- Renal artery stenosis 

- Hypovolemia 

- Ren in -secreting tumor 

- Malignant hypertension 

N on -aldosterone m inera locortlcoid s 

- Liquorice 

- Chewing tobacco 

- Cushing syndrome 
” Liver cirrhosis 
hlon-mineralocorticoid reasons 

- Acute renal failure 

- Hypomagnesemia 
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Hyperkatemia (continued) 



Hereditary 

Hyperkalemic periodic paralysis 
Gordon syndrome 

Pseudohypoaldosteronism [resistance to aldosterone) 



Drugs 

Spironolactone 

Triamterene 

Amiloride 

ACE-inhibitors/angiotensin 1 -antagonists 

Nonsteroidal antiinflammatory drugs 

Intravenous potassium 

Heparin 

Alpha-agonists 

Beta-blockers 

Succinykholine 

Arginine 

Penicillin 

Digitalis 

Lithium 

Cyclosporin 

Trimethoprim 

Somatostatin 

Diazoxide 

Cytostatic drugs [pentamidine and others) 

Toxins 

Palytoxin 

Tetrodotoxin 

Fluoride 

Cocaine 

Pseud ohy perkalemia 

High platelet count or white blood cell count 

Tight tourniquet 

Muscle-clenching 



Hypokalemia (continued) 



Hereditary 

Hypokalemic periodic paralysis 

Liddle syndrome (pseudo hyperaldosteronism) 

Renal tubular acidosis type 1 + 2 
Bartter syndrome 
Fanconi syndrome 
Gitleman syndrome 
Drugs 

Loop diuretics 
Thiazides 

Carbonic anhydrase inhibitors 
Insulin 

Glucocorticoides 

Aminoglycosides 

Gentamicin 

Amphotericin B 

Laxatives 

Cispiatin 

Foscarnet sodium [vtrostatic drug) 

Penicillin 

Betaj-adrenergic agonists 
Alpha-adrenergic antagonists 
Vitamin 61 2 in pernicious anemia 
Cation exchangers 
Barium 

Toxins 

Caffeine 

Glue-sniffing 

Carbenoxolone 

Pseudohypokalemia 

Acute myeloid leukemia (potassium uptake by abnormal cells) 
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Hypercalcemia 



Hypocalcemia 



Increased intake 

Milk-alkali syndrome 
Hypervitaminosis D 
Granulomatous diseases 

- Sarcoidosis 

- Tuberculosis 

- Wegener granulomatosis 

- Eosinophilic granuloma 

- Histoplasmosis 

- Berylliosis 

- Silicon irijection 

Idiopathic hypercalcemia in infancy 
Distribution imbalance 
Malignancies 

- Osteolytic metastases 

- Paraneoplastic disorders 
High bone turnover 

- Immobilization 
~ Hyperthyroidism 

- Acromegaly 

- Pheochromocytoma 

- Paget disease 

Primary hyperparathyroidism 

- Adenoma 

- Carcinoma 

- Hyperplasia 

- Mukipteendocrirte neoplasia (see belowj 
Others 

- Tertiary hyperparathyroidism 

- Malabsorbtion 

- Chronic renal failure 

- after renal transplantation 

- Addison disease 
Hereditary 

Familial hypocalduric hypercalcemia 
Multiple endocrine neoplasia (1 + 2) 

Jansen disease 

Drugs 

Hypervitaminosis 0 
Hypervitaminosis A 
Thiazides 

Estrogens: Tamoxifen 

Lithium 

Aminophytline 



Intoxication 

Aluminium 



Decreased intake 

Sprue 
Cholestasis 
Chronic pancreatitis 
Vitamin D deficiency 

- Malabsorption (see above) 

- Sunlight deficiency 

- Liver cirrhosis 

- Nephrotic syndrome 



Distribution imbalance and inaeased utilisation 

Renal failure 

Hypoalbuminemia 

Hypoparathyroidism 

- Hereditary forms [see belov^r) 

- Osteitis fibrosa after parathyroidectomy 

- Hemochromatosis 

- Hypomagnesemia 
Increased utilisation 

" Osteoplastic metastasis 

- 'Hungry bones' syndrome 

- Acute pancreatitis 
Hyperphosphatemia 

Rhabdo myolysis 

- Tumor lysis 

Thyroidal cancer with calcitonin production 



Hereditary 

Idiopathic hypercalcuria 

Vitamin D-dependent rickets (type I + II) 

Hereditary hypoparathyroidism 
Pseudohypo pa rat hyroid ism ( PH P) 

DiGeorge syndrome 

Polyglandular autoimmune type 1 deficiency (in Finnish families} 
Autosomal dominant hypocalcemia (ADH) 

Drugs 

Loop diuretics 
Abuse of laxative drugs 

Amiconvulsivant drugs {barbiturates, diphenylhydantoinn phenytoin) 

Mithramycine 

Calcitonin 

Colchicine 

Foscamet-sodium 

Transfusion of blood [dtrate:/EDTA) 

Cytostatics 
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ECGT6.1 

64y/f. Terminal renal failure. Hyperkalemia. ECG: 
very probably sinus rhythm, with invisible p waves, 
rate 54/min. Atypical RBBB pattern (QRS duration 
0.16 sec). Striking ST elevation in leads to V 3 (I, 
aVR, aVL) as sign of'dialyzable injury'. K+ 

8.7 mmol/l. 




ECGI6J 

44y/f. Morbus Cushing after hypophysec- 
tomy, hypertension, diuretics containing 
amiloride. Hyperkalemia. ECG: monitor 
stripe. Very probable sinus rhythm with 
invisible p waves, rate 108/min. Atypical 
LBBB pattern, QRS duration about 
0.18 sec. VT of moderate rate is imitated. 
K+ 9.4 mmol/l. 




308 





ECG 

60y/m. Terminal renal failure, hemodialysis (HD) three times weekly, for 2 years. Due to his birthday celebration, the patient came 2 days 
too late for HD. Hyperkalemia. ECG: probably sinus rhythm (without visible p waves), 58/min. Very broad LBBB-like QRS (240 msec), bizarre 
broad T waves, concordant to QRS in V 3 to Vg. K+ 8.97 mmol/l (Ca2+ 0.96 mmol/l). Therapy: Immediate HD. 
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ECG 16.3 b 

Same patient. ECG after 30 min HD: sinus rhythm 78/min. Still 
slightly prolonged QRS duration, peaked and tall T waves, especial- 
ly in the inferior leads. K+ 5.87 mmol/l (Ca2+ 1.13 mmol/l). 



ECG 16.3c 

Same patient. ECG after 60 min HD: normal broad QRS, peaky 
T waves in several leads. K+ 5.90 mmol/l (!) (Ca^+ 1.19 mmol/l). 
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ECG 16.4 

62y/m. 2 days after intestinal opera- 
tion. Hyperkalemia. Sinus rhythm, 
rate 86/min. Normal QRS.Tall and 
peaky T waves in leads V3 and V4/V5 
(V6).K+5.8 mmol/l. 





ECGI6.5 

58y/m. Malign neuroectodermal tumor. Hypokalemia. ECG: 
sinus rhythm. Fusion of T and U wave in all leads. ST depression 
in V3 to Vg and II, aVF. K+ 1 .7 mmol/l. 
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ECG 16 J 

53y/f. Short syncope, antidepressants, and 
furosemide. Hypokalemia. ECG: almost complete 
TU fusion in all leads. No ST depression. K+ 

2.8 mmol/I. Hotter ECG: short episodes of VT type 
torsade de pointes. 



aVL 
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ECG16J 

82y/m. Hypertension, diuretic drugs, 
amiodarone. ECG: atrial flutter with 
3 : 1 AV block, ventricular rate 53/min. 
Fusion of T and U,with prominent 
U waves in V 3 to Vg (I). Significant ST 
depression in V 4 to Vg (also due to 
strain?). K+ normal. TU fusion due to 
amiodarone. 
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ECG 16.8 

16y/m. Osteosarcoma. Hypercalcemia. ECG: sinus rhythm, rate 
75/min. QT 308 msec, QTc 346 msec. The T wave immediately 
follows the QRS complex. Ca^+ (ionized) 1.32 mmol/I (normal 
1.13-1.30). 



ECG 16.9 

47y/m. Primary hyperparathyroidism. Hypercalcemia. ECG: sinus 
rhythm, rate 62/min. Only slightly reduced QT interval (368 msec, QTc 
376 msec), but visually 'absent' ST segment. Ca^+ 2.88 mmol/l (normal 
up to 2.5). 
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ECG 16.1C 

73y/f. Hypocalcemia. ECG (50 mm/sec): prolonged QT interval, with 
prolonged ST segment and Mate T wave'. 
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ECG 16 .il 

67y/f. Chronic renal failure. Hyperkalemia plus 
hypocalcemia. ECG: sinus rhythm, rate 63/min. QT 
interval 497 msec, QTc 510 msec. Tall and peaky 
T waves in V 2 to V 5 (II, aVF). No detectable U wave. 
K+ 6.2 mmol/l. Ca2+ 1.4 mmol/l. 
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ECG1€.12a 

Short Story/Case Report 1 . Time 1 1 :51 . Monitor stripes. Hyperkalemia. Sinus tachycardia, normal broad QRS. Ventricular 
tachycardia of four beats. 




ECG 16.12b 

Time 12:31. Ventricular asystole. The 'QRS complexes' are artifacts by heart massage, interference with QRS complexes is possible. 




ECG 16.12c 

Time 12:44. Regular rhythm (rate 107/min), with enormous broad QRS (> 180 msec), scarcely distinguishable from 
the T waves. It cannot be excluded that sinus rhythm is present with invisible p waves. 




ECG16.12d 

Time 12:51. Supraventricular rhythm (sinus rhythm) with probably small QRS and tremendous ST elevation, mimicking 
acute infarction ('dialyzable injury'). 
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ECG16.l2e 

Time 13:13. sinus rhythm with normal broad QRS, less elevated ST segment. Irregular ventricular tachycardia (mean rate about 
210/min, maximal instantaneous rate about 260/min). 




ECG16.12f 

Time 13:28. Sinus tachycardia 105/min,with normal QRS and repolarization. 
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EC6 16.13 

65y/m. Normal heart, normal renal function. 
Normal serum K+ and Ca^+. Sinus bradycardia 
52/min. Tall T waves in leads V 2 to Vg, with a 
normal broad basis of the T waves. However 
the ECG is quite suggestive of moderate hyper- 
kalemia! 
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ECG 16.14a 

Short Story/Case Report 2. 
Hypokalemia. (Rhythm strip 
V|.) Bradycardic isorhythmic AV 
dissociation, rate 42/min. 





ECG 16.14b 

Completely fused T and U waves. QT(U) 620 msec. QT(U)c 521 msec. Incomplete RBBB. 
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ECG 16.14c 

(Rhythm strip.) VT of the type torsade de pointes, rate up to > 300/min. 




ECG 16.1 4d 

(Rhythm strip.) VT of the type torsade de pointes, maximal instantaneous rate about 360/min. 




ECG 16.14e 

(Rhythm strip.) Almost regular VT with morphology of ventricular flutter, rate about 220/min. 
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Chapter 17 

Alterations of Repolarization 



At a Glance 



This chapter is very short. Why? Pathologic negative T waves 
represent the most frequent isolated deformations of 
ventricular repolarization. However, T wave alterations not 
related to pathologic QRS complexes are very unspecific. The 
alterations of the ST segment are rarer and somewhat more 
specific. 

ECG 

1 ST Segment 

1.1 ST Elevation 

ST elevation in the limb leads produces ST depression in the 
opposite leads, as mirror images^ so ST elevation in aVL >>> 
ST depression in aVF/III; and ST elevation in III/aVF >>> ST 
depression in aVL. In the precordial leads mirror images are 
less prominent and are restricted to the leads V^/V^ versus 
V5/V5 (in the case of left ventricular overload), and to the addi- 
tional leads to versus ( V^) V^/V^ (in the case of acute pos- 
terior myocardial infarction (MI)). 

Differential diagnosis of isolated ST elevation is relatively small 
(see Table 17.1). 



1.2 ST Depression 

The clinically most important ST depression occurs during 
exercise testing (in leads to V^) as a marker of ischemia. ST 
depression at rest is relatively rare in pure ischemia. As men- 
tioned above, significant ST depression in leads cor- 

responds to a mirror image of acute posterior MI but never to 
isolated ‘anteroseptal ischemia’, which cannot be identified in 
the ECG. 



Table 17.1 

Differential diagnosis of ST elevation 



Condition Typical signs 



Acute myocardiai infarction* 



Prininnetal angina 
Early repolarization** 



Vagotonia** 
Pericarditis stage 2* 



Mirror image of LV overload 



• ST arising from the R wave*** 

• Amplitude 2-10 mm 

• Frontal ST vector inferior AMI 80* * to 120 *; 
anterior AMI about - 40® to + 10® 

• Evolution to Q-wave infarction 

• Morphology and amplitude as in AMI 

• Reversible within 15-20 min 

• ST arising from the R (or S) wave 

• Amplitude 1-5 mm 

• No evolution; healthy people, often young 
people 

• Amplitude up to 4 mm in leads V 2 Af 3 

• Mostly in sinus bradycardia 

• ST mostly arising from S wave*** 

• Amplitude <2 mm 

• Frontal ST vector + 30* to + 70* 

(ST elevation in larrdaVFIl 

• Evolution; no pothoiogk Q wave! 

• Amplitude up to 4 mm in leads V 2 /V 3 

• High amplituden mostly associated w\tU 



LVH 



Brugada syndrome • Amplitude up to 3 mm in V 2 , less in V 1 /V 3 

• Combined with the pattern of incomplete 
RBBB 



Other rare conditions 



• Suppressed by class I antianrhythmlc drugs 



AMI, acute myocardial infarction; LVH, left ventricular hypertrophy; RBBB, right 
bundle-branch block. 

*See Chapter 13 Myocardial Infarction and Chapter 15 Pericarditis. 

**See Chapter 3 The Normal ECG and its Normal Variants. 

***A simplified 'rule' implies that in acute Ml the elevated ST segment arises from 
the R wave, whereas in acute pericarditis (stage 2) the elevated ST segment aris- 
es from the S wave. This 'rule' leads to some confusion, because it is valid in about 
only 90% of cases of AMI, and in about 80% of cases of pericarditis. 
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In the EGG at rest ST depression in leads V^/V^ (and I/aVL), 
associated with asymmetric negative T waves in the same 
leads, is generally due to LV overload, with or without LV 
hypertrophy (LVH). In this case we often observe a mirror 
image in leads V^/V^. 

Digitalis often leads to mild ST depression of about i mm, 
with a typical tub-like configuration. Slight ST depression (up to 

1 mm) is found in many conditions and is therefore unspecific. 

2 TWave 

2.1 T Negativity 

Negative asymmetric T waves are a frequent normal finding in 
several limb leads. In these conditions, T negativity is related to 
the frontal QRS axis (AQRSp). In vertical AQRSp: T negativity 
in III, aVF(II). In left AQRSp: T negativity in aVL. A negative 
T wave in lead I is pathologic in most cases. In the precordial 
leads, a negative T wave is only found in lead V^, in normal 
hearts. There is an exception: occasionally a negative T wave 
may also be present in lead(s) (and V^) in healthy men up to 

the age of 25 years and in healthy women up to the age of 35. 
However, in the presence of T-negativity in leads VJVy an 
abnormality of the right ventricle should be considered; such 
abnormalities include atrial septal defect, pulmonary embo- 
lism and arrhythmogenic right ventricle (see Table 17.2). 

Table 17.2 

Differential diagnosis of T negativity 

• Classical non-Q infarction 

• Ischemia without infarction 

• Ventricular overload 

• Mormal variants 

• Syndrome X 

• Pericarditis (stages I and 4) 

• Overload or diseases of the right ventricle 

• Myocarditis 

• Severe anemia 

• Funnel chest 

• Upright position 

• Drugs 

• Pancreatitis 

• Hyperventilation 

• Innumerable other diseases and conditions* 

*lt would not be useful to provide the full list of the hundreds of diseases and 
conditions concerned. 

Negative T waves in some precordial leads are not only en- 
countered in ischemia, but also in countless other conditions. 



Negative T waves due to ischemia are called ‘primary negative 
T waves’ and T waves secondary due to ventricular hypertro- 
phy are called ‘secondary negative T waves’. 

In ischemia, the negative T wave is generally symmetric 
(EGG 17.1), whereas in LV overload (often associated with LVH), 
the negative T wave is generally asymmetric (EGG 17.2). 
However, this rule is not reliable. For instance, negative sym- 
metric T waves are also found in pericarditis (stages 3-4), in 
hypertrophic cardiomyopathy, and other diseases. 

Differential diagnosis of asymmetric negative T waves is even 
much more extensive and includes normal hearts, inflammations, 
general diseases, drug effects, and so on. 

Furthermore, asymmetric T waves may have a symmetric 
aspect at their apex (EGG 17.3). It would be absurd to diagnose 
LV overload, or LVH and ischemia, based on this pattern. 

22! T Positivity 

Positive T waves are rarely pathologic. Abnormally tall sym- 
metric T waves are seen in moderate hyperkalemia (Chapter 16 
Electrolyte Imbalances and Disturbances). In exceptional cases 
the same T morphology is observed in the earliest stage of MI 
and lasting only minutes. 

Differential diagnosis: tall T waves in V^/V^ as normal variants, 
especially in sinus bradycardia. 

Short Story/Case Report 1 

In November 199& a 65-year-old man with a history of stable 
angina felt a sudden, strong, typical chest pain during rou- 
tine EGG registration. The excellent nurse was struck by the 
tall symmetric T waves in leads V^/V^ (EGG 17.4) and 
referred the patient immediately to the coronary care unit. 
There he developed an acute anterior infarction with a typi- 
cal EGG within 20 min. Coronary angiography was per- 
formed 50 min after the onset of pain. The proximal left 
anterior descending artery (LAD) was dosed. The result of 
percutaneous transluminal coronary angioplasty (PTCA) 
and stenting was excellent. The akinetic apical zone 
regressed to a slight hypokinesia. 
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ECG Special 

In the section 'At a Glance' the most important alterations of 
repolarization were discussed. It does not make sense to dis- 
cuss all patterns of so-called pathologic repolarization which 
lack all specificity in most instances. So for a change we can 
relax in an armchair (or in a rocking-chair, like a former 
President). It is sufficient for our purpose to touch on a few 
special items. 

3 Special Remarks 

3.1 Atypical Behavior of Repolarization in 

Acute Myocardial Infarction and 
Acute Pericarditis 

As mentioned in the footnote to table 17.1 the repolarization in 
acute MI as well as in acute pericarditis may be atypical. 

In acute MI, we may find an elevated ST segment arising 
from the S wave in the precordial leads to Vy where the pre- 
existing S wave is generally of high amplitude 

In acute pericarditis, the elevated ST segment arises from 
the R wave in the leads, where no S wave pre-exists. This may 
occur in leads V^/V^ and, depending on the frontal QRS axis, in 
leads aVL/I or in the inferior leads. 

Consequently, in the same patient we may find patterns of 
ST elevation arising from the R wave and the S wave in differ- 
ent leads, in acute MI or in acute pericarditis (see ECGs in 
Chapter 13 Myocardial Infarction and Chapter 15 Pericarditis). 
As another consequence, recognition of the combination of 
acute MI and acute pericarditis is difficult or impossible, based 
on a single ECG. 

Considering the anamnesis and clinical findings, the under- 
lying condition of ST elevation can be determined in most 
cases. A striking ST elevation will correspond to acute MI in 
99% of 6o-year-old men with chest pain. In a patient of any age 
with a slight ST elevation in some precordial leads, and in lead I 
and aVF, acute pericarditis is present (see Chapter 15 
Pericarditis). In a 20-year-old healthy and asymptomatic indi- 
vidual, the rare pattern of ‘early repolarization’ is very probable 
(see Chapter 3 The Normal ECG and its Normal Variants). 
ST elevation in leads V^/V^ (V^) combined with the pattern of 
incomplete right bundle-branch block (iRBBB) is suggestive of 
the Brugada syndrome. 



3J2 Patterns with Prolonged or 
Shortened QT Duration 

Repolarization is altered per se in the presence of prolonged or 
shortened QT. In the congenital 'long QT syndrome' (Romano- 
Ward, Jervell and Lange-Nielsen) as well as in the acquired 
long QT (hypokalemia, antiarrhythmic drugs) the ST segment 
is often isoelectric but may show slight depression or even ele- 
vation. The T wave is generally fused with the U wave (see 
Chapter 16 Electrolyte Imbalance and 26 Ventricular Tachy- 
cardias). In the rare pattern of 'postsyncopal bradycardia syn- 
drome' in association with bizarre QT(U) prolongation, we 
find abnormally broad and negative T waves in the precordial 
and in some limb leads (see ECG 32.17 Chapter 32 Rare ECGs). 
It is only in QT prolongation due to hypocalcemia that the T 
wave is often normal. Equally, in QT shortening due to hyper- 
calcemia the T wave is normal, with the exception of a small T 
basis (see Chapter 16 Electrolyte Imbalance). 

3.3 Giant Negative T Waves 

Giant negative T waves (amplitude 5-15 mm) are relatively rare. 
In combination with LV hypertrophy they are found in some 
cases of left ventricular overload, in hypertrophic cardiomy- 
opathy and in a large number of patients with apical hypertro- 
phy (see ECG 5.14 in chapter 5 Left Ventricular Hypertrophy). 
In these cases the QT interval is often slightly prolonged. 

Isolated giant negative T waves (without QRS alterations) 
are observed in the classical 'Non-Q wave infarction' pattern, in 
combination with cerebral diseases [1], in some cases of post- 
pacing T-negativity (Chatterjee phenomenon), after pul- 
monary edema [2] and in the so-called global T wave inver- 
sion, the latter predominantly in women and not associated 
with a bad prognosis, with the exception of a short QT interval 
in digitalised patients [3]. 

Giant negative T waves with an obvious or excessive QT pro- 
longation represent a rare ECG pattern, formerly called 'post- 
syncopal bradycardia syndrome' (see above, and ECG 32.17 
chapter 32 Rare ECGs). However, the pattern may arise without 
a previous syncope and may be combined with normocardia. 
In most cases a cerebral disease such as subarachnoidal hem- 
orrhage, a cerebral insult or an epileptic attack precedes the 
appearance of the ECG alteration. The pathophysiologic mech- 
anism is probably connected with hypothalamic dysfunction 
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with consecutive hypertension, increased myocardial O2 
demand and coronary spasms. In an experimental set with cats 
it has been shown that a hypothalamic injury provokes suben- 
docardial hemorrhage. In patients with an acute non-cardiac 
illness and deep T inversion in the precordial leads, a circum- 
script reversible left ventricular dysfunction was observed [4]. 

In some cases the etiology remains obscure and often the 
excessive QT (QTc) prolongation with very broad T waves is 
more striking than the amplitude of the negative T wave. 

Finally it has to be mentioned that acute cerebral diseases 
may also lead to ST segment elevations in some rare cases [5]. 
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ECG17.1 

70y/m. Coronary heart disease, 
pulmonary emphysema. Typical 
chest pain 20 min before. ECG: 
symmetric negative T waves in 
leads to V 5 . Note also periph- 
eral near low voltage and 
AV block V, Coro: proximal 90% 
stenosis of LAD. Minimal apical 
hypokinesia. 




ECG 17.2 

52y/f. Hypertension and combined 
aortic valve disease. Normal coronary 
arteries. ECG: high R voltage in leads 
V 3 /V 4 . ST depression and negative 
asymmetric T waves in I, II, aVL, aVF 
and V 4 to Vg (in V 4 the T wave is nearly 
symmetrical). 




ECG 17.3 

50y/m. Severe aortic valve disease with 
predominant regurgitation. Normal 
coronary arteries. ECG: LVH (positive 
Lyon index; positive Sokolow index; R 
amplitude in aVL 19 mm). ST depression 
in leads I, II, aVL, V 5 and V 5 , with asym- 
metric T waves but symmetrical T waves. 
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Chapter 17 ECGs 




ECG17.4 

Short Story/Case Report 1 . 65y/m. High symmetric T waves with 
slight ST elevation in leads V 2 /V 3 . Note: very similar T waves in 
these leads are seen as normal variants. 
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Chapter 18 

Atrial Premature Beats 



At a Glance 



Atrial premature beats (APBs) are not much less frequent than 
ventricular premature beats (VPBs) but they are much more 
frequent than supraventricular PBs arising in the atrio- 
ventricular (AV) junction. Often APBs are not associated with 
heart disease. In up to 64% of healthy young individuals some 
APBs are found in an ambulatory ECG, in most cases without 
symptoms. 

ECG 

APBs are characterized by premature onset and a deformed 
p wave, indicating origin of a (mostly right) atrial ‘focus’, dis- 
tant from the sinus node (ECG i8.i). A focus in the low right 
atrium, near the coronary sinus, leads to negative p waves in 
the inferior leads aVF, III (and II). The short PQ interval may 
be equal or slightly longer (> 0.12 sec) as in an atrioventricular 
junction (AVJ) beat. This p-wave morphology is more often 
seen in intermittent episodes of ectopic atrial rhythms (mostly 
in healthy hearts), or AV junction rhythms, than it is in isolat- 
ed APBs. ECG 18.2 shows an example of ectopic atrial rhythm 
with negative p waves inferiorly and in leads to in an 



The Full Picture 



The clinical and prognostic impact of APBs is rather modest. 
APBs may provoke symptoms; APBs with aberrant conduction 
may be confounded with VPBs; and APBs may induce atrial 
tachycardia and atrial fibrillation. However, the correct diagno- 
sis of APBs is not always easy. 



older patient with right ventricular hypertrophy (RVH). A neg- 
ative p wave in I, aVL, and in V^/V^ may be due to either ectopic 
right or left atrial origin; only the latter is associated with a 
positive p wave in lead Vj. 

As in VPBs, prematurity is not constant. In contrast to 
VPBs, the pause after the APB generally does not show full 
compensation (also in VPBs compensation is not always com- 
plete). If the p wave falls into the T wave of the preceding car- 
diac cycle, it may be difficult to identify. Whereas the first APB 
in ECG 18.3 (with a short PQ interval and negative p waves in 
V^ to V^) is clearly visible, the second, very early APB is only 
detectable by a peak on the T wave in V^ (and V^), due to super- 
imposed p wave. There is aberration with a right bundle- 
branch block (RBBB) pattern. The last beat may be interpreted 
as postextrasystolic atrial escape, from the same focus as the 
first APB. 

After early APBs, an aberration (ECGs 18.3 and 18.8) or 
AV block 1° can be observed. If the APB occurs very early it 
may be completely AV blocked (ECG 18.4). In these cases the 
false diagnosis of sinoatrial (SA) block is occasionally made. 



ECG Special 

ECG 18.5 does not reflect an atrial trigeminus - which might be 
diagnosed at a first glance - but a short polymorphous atrial 
tachycardia (see lead III) with AV block 2° type high degree. 
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The Full Picture 




The p waves i, 4 and 6 are more or less hidden within the 
T wave; the p waves 3, 5 and 7 appear immediately after the 
QRS. After the eighth p wave (the seventh is not AV conducted) 
the tachycardia stops. 

In contrast to some cases with ventricular bigeminy (or the 
extremely rare AV junctional bigeminy), the rare atrial 
bigeminy (EGG 18.6) is not registered by the ‘patient’, because 
there is neither AV dissociation nor retrograde atrial activa- 
tion. 

Atrial trigeminy (EGG 18.7) and quadrigeminy are very 
rare. 

In APBs with aberration, an RBBB pattern is more frequent 
than an LBBB pattern. In EGG 18.8 the very early atrial depo- 
larization is diagnosed by a minimal irregularity at the end of 
the T wave in Vj, and by a discrete increase of T wave amplitude 
in leads V^ and V5. The PQ interval is longer than in sinus beats 
and there is RBBB aberration. Moreover, there is no compensa- 
tory pause (‘interponated’ atrial APB). If, in a supraventricular 
PB, a p wave is not detectable, aberration may be difficult to 
distinguish from a VPB. The duration of the compensatory 
pause is not always a reliable factor for discrimination. The dif- 
ferent QRS morphology in the precordial leads Vj to V^ allows 
a correct diagnosis in most cases (for details see Ghapter 25 
Ventricular Premature Beats). 

1 Rievalence and Clinical Findings 

Although APBs occur in about 65% of normal individuals, only 
2% show more than 100 APBs in 24 h [1,2]. Folarin et al [3] 
observed 303 male military aviators. They found the following 
occurrences of APBs: rare ones in 73%, occasional in 2.6%, fre- 
quent in 2.3% and very frequent isolated (> 10% of normal 
beats) in 0.3%. In many instances APBs are combined with 
heart diseases and other diseases [4] but do not give any hint 
of the etiology, if they are not associated with alterations of 
QRS and/or repolarization. In contrast to VPBs, the prevalence 
of APBs is not related to coronary artery disease [5,6]. An 
increased risk for stroke in men with high frequency of atrial 
ectopic beats (> 219 in 24 h) has been described [7]. In patho- 
logic conditions APBs occur more often in the presence of 
dilated atria. The incidence of the number of APBs increases as 
one gets older, but much less than the incidence of VPBs (that 
are often associated with hypertension and coronary heart dis- 
ease). 

In association with heart disease (perhaps in the first few 
days after a heart operation, or during viral infections), the 



arrhythmia often disappears spontaneously or after healing of 
the infection. 

In patients with paroxysmal atrial fibrillation (AF) an ele- 
vated number of APBs (inducing AF) has been found [8], and 
can be treated by a sophisticated atrial pacemaker (Ghapter 21 
Atrial Fibrillation), often in combination with antiarrhythmic 
drugs, thus reducing AF episodes [9]. Principally, APBs not 
only initiate but also terminate atrial tachycardias [10]. 

Isolated or repetitive APBs impair cardiac output only in 
special conditions such as AV blocked APBs in bigeminy and 
longer runs at a high rate, corresponding to atrial tachycardia. 

Short runs of APBs with a moderate rate (EGG 18.9) occa- 
sionally occur in healthy hearts. Longer, rapid salvos of APBs 
corresponding to more or less irregular atrial tachycardia 
(EGG 18.10) may cause discomfort, palpitations and anxiety. 

2 Therapy 

In asymptomatic patients short and also long runs of APBs 
should not be treated with antiarrhythmic drugs, generally, 
because of their potential proarrhythmic effects. 

If antiarrhythmic drug therapy is necessary, many cardiol- 
ogists prefer small doses of a beta-blocker or digitalis. For 
patients with preserved LV function, small doses of flecainide 
or propafenone can be used. 

Short Story/Case Report 1 

Some years ago a 62-year-oId medical specialist, with a good 
reputation in internal medicine, told the author that in his 
opinion the EGG was a ‘method for the foxes^and that it never 
helped him to arrive at a correct diagnosis. The author warm- 
ly congratulated him on this modern concept. In October 
2000 the author received a long letter from this specialist. An 
EGG with a rhythm strip was enclosed (EGG 18.11). The 39- 
year-old patient, the physician’s daughter, suffered from 
tachycardic palpitations, associated with vertigo and near- 
syncope. The physician made the diagnosis: basically normal 
EGG; sinus arrhythmia; atypical AV reentry tachycardia with 
AV dissociation and perhaps AV block. The author was very 
eager to analyze such an unusual arrhythmia, and made the 
diagnosis: basically normal EGG; APBs in salvos up to 12 
beats, at a rate of about 150/min. The author proposed: thera- 
py with atenolol (25 mg or 12.5 mg); investigation of infec- 
tious parameters; echo/Doppler; Holter EGG; exercise EGG. 
After this a decision about a definitive therapy 
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Conclusion: the ECG may suddenly become important 
when a near relative shows symptoms ... 
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The Full Picture 




ECG18.1 

Atrial premature beat (leads aVL/aVF). 




ECG18.2 

67y/m. RVH due to chronic obstructive pneumopathy. As the PQ 
interval is about 0.12 sec, the origin of the rhythm may be localized 
to the inferior portion of the right atrium, or to the AV junction. 




332 






ECG18.J 

Two APBs with different coupling intervals. 
The second one with short coupling interval 
shows RBBB aberration. 




ECG1S.4 

AV blocked APB. The APB 
occurs very early and is 
blocked. The previous beat is a 
normal sinus beat; the p wave 
is deformed by an artifact. 




ECG 1S.S 

Lead I. Short atrial tachycardia (seven p waves) with AV block 2 °, mimicking an atrial triplet. 
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Chapter ISECGs 






ECG1S.6 

(Leads I/ll) Atrial bigeminy.The 
p waves are superimposed on the 
T waves. 












ECG18J 

Atrial trigeminy. 



ECG18.8 

interponated APB with RBBB aberration (p wave: see [4]). 
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1R.9 

Run of APBs ('atrial tachycardia') with a moderate rate, irregular. 




ECG1S.10 

61y/m. Wegener disease. Leads V^/V 2 . Run of 1 1 APBs, slightly irregular atrial tachycardia at a rate of 185/min, preceded and followed by an 
atrial couplet. 




ECG 18.11 

Short Story/Case 
Report 1.39y/f. ECG 
(leads V 4 to Vg): only 
one sinusoidal beat 
(i), runs of APBs, 
maximal instanta- 
neous rate 165/min. 
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Chapter 19 

Atrial Tachycardia 



At a Glance 



Atrial tachycardias are not frequent if atrial fibrillation 
(Chapter 21) and atrial flutter (Chapter 20) are excluded. The 
types of atrial tachycardia differ with respect to morphology 
of the p wave, atrial rate, atrioventricular conduction, duration 
of the arrhythmia, hemodynamic consequences, electro- 
physiologic mechanisms, and etiology. 

ECG 

In all atrial tachycardias the p waves precede the QRS complex, 
but p morphology is different from sinusal p waves. Most atri- 
al tachycardias are regular. Based on clinical significance, atri- 
al tachycardias may be classified in the following way. 

1 'Salvos' of Atrial Premature Beats 

The episodes of APBs (often 3-5 beats) are generally of moder- 
ate rate (110-150/min) and are often without symptoms. 
ECG 19.1 shows a longer episode of 8 beats. 

2 'Benign' Atrial Tachycardia 

This regular tachycardia is characterized by a relatively short 
duration (from several seconds to minutes), a moderate rate 
(< 150/min) and occurs in otherwise healthy heeirts (ECG 19.2). 
Therapy is only needed if there are symptoms (mostly palpita- 
tions). 

3 AtrialTachycardia of Medium 
Duration and High Rate 

The tachycardia lasts minutes to days, the rate is (individually) 
between 150 and 200/min (maximally 280/min) (ECG 19.3). 
The symptoms are malaise, palpitations, dizziness, presyncope 



or even syncope requiring drug therapy or catheter ablation. 
The tachycardia occurs in healthy individuals and in patients 
with heart disease. ECG 19.3 demonstrates that drug conver- 
sion with adenosine may also cause the treating physician’s 
heart to tremble. 

4 1 ,._G jit' Atrial Tachycar^ic 

The duration of this rare type of longstanding tachycardia is 
days to months. If the tachycardia lasts months and its rate is 
150/min or more, it may induce a considerable reduction in the 
function of the left (and/or right) ventricle, and even chronic 
heart failure. The arrhythmia may have its origin in the right or 
left atrium and is often resistant to drugs. Restoration of sinus 
rhythm by catheter ablation may normalize heart function in 
otherwise healthy hearts, after weeks or months. However, this 
tachycardia also occurs in patients with heart diseases where 
ablation does not completely resolve the problem. 

5 Atrial Tachycardia with 
Atrioventricular Block 2 ° 

The tachycardia usually shows 2 : 1 atrioventricular (AV) block 
and is often associated with heart disease (ECG 19.4). It may 
also be due to digitalis intoxication. In the conventional ECG, 
differentiation from atrial flutter type 2 (with 2 : 1 AV block) is 
often impossible. 

6 Multifocal Ectopic AtrialTachycardia 
(Chaotic Atrial Mechanism) 

This completely irregular tachycardia is very rare. The rate is 
100-140/min (or less than 100/min). The morphology of the p 
waves changes from beat to beat, so do the PQ and the R-R in- 
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At a Glance 




tervals (ECG 19.5). The arrhythmia ‘per se’ has modest haemo- 
dynamic consequences. However, its usual association with 



The Full Picture 

The sequence of atrial tachycardias in the section At a Glance 
is based on clinical significance, but the series of atrial tachy- 
cardias in this section corresponds to the usual classification, 
with inclusion of some electrophysiologic mechanisms. 

ECG Special 

7 Ectopic [F^cal) Atrial Tachycardia 

Ectopic (focal) atrial tachycardia is due to enhanced auto- 
maticity of an ectopic atrial focus [1]. The morphology of the p 
waves depends on the localization of the ectopic centre. P is 
negative or positive in the inferior leads III and aVR Often this 
regular tachycardia is of short duration (up to 30 sec), with a 
rate generally between no and 150/min. Therefore the tachy- 
cardia is called benign slow atrial tachycardia. It is especially 
seen in young people. Rates up to 180/min are rare. The rare 
incessant form, with a duration of weeks or months, is often 
associated with organic heart disease [2] but the tachycardia 
itself may lead to ventricular dilatation and heart failure [3,4], 
that is at least partially reversible after catheter ablation. 

At the beginning of the tachycardia, aberrant conduction 
may be present (mostly right bundle-branch block, RBBB) that 
disappears after some beats, at the same rate. A longer tachy- 
cardia often shows some changes in the rate. Alterations of the 
repolarization are common and may persist for hours after 
conversion of the tachycardia. Short episodes are harmless and 
generally occur in healthy individuals. Long episodes (inces- 
sant form) are more often associated with organic heart dis- 
ease. Vagal maneuvers do not influence the atrial rate, but may 
induce AV block 2°. Adenosine is sometimes successful. In 
problematic cases catheter ablation is the best therapy. 

8 Atrial Reentry Tachycardia 

The reentry circuit consists of two distinct intra-atrial func- 
tional pathways [5]. Again the p wave is different from a sinusal 
p and may be positive or negative in III and aVR The tachycar- 



severe obstructive lung disease is responsible for a bad progno- 
sis (details in the next section and in Chapter 32 Rare ECGs). 



dia is introduced by an atrial premature beat (APB). In contrast 
to the focal type, p wave morphology often changes, according 
to variations within the circuit. Moreover, at the beginning of 
the tachycardia an increase of the rate can be observed (so- 
called ‘warming up effect’). Generally the rate is higher than in 
ectopic atrial tachycardia and may reach 240/min. Josephson 
[6] found an incidence of 6% in 260 patients with paroxysmal 
supraventricular tachycardia, studied invasively. Atrial reentry 
tachycardia is found in otherwise healthy hearts but also in 
patients with congenital and other heart diseases. Vagal 
maneuvers and adenosine are rarely successful. With a conven- 
tional ECG the differentiation between the two types of atrial 
tachycardia, mentioned above, is not possible in most cases. 

9 Re*^etitive Paroxysmal Atnrl 
lachycarrfia 

This arrhythmia is very rare. It is defined by excessively fre- 
quent paroxysms of a slightly irregular atrial tachycardia with 
a rate of 130-150/min. A more or less incessant tachycardia may 
be present, frequently interrupted by some sinus beats. The 
therapy depends on the symptoms and on the underlying heart 
disease. 

10 Paroxysmal Atrial Tachycardia 
with AV Block 

Atrial tachycardias rarely show an AV block 1°. The term ‘atrial 
tachycardia with block’ is reserved for the presence of AV block 
2° and, extremely rarely, AV block 3‘’. The mechanism of tachy- 
cardia is probably an ‘ectopic focus’. Triggered activity is dis- 
cussed in the case of digitalis intoxication [7], where the tachy- 
cardia is not paroxysmal. The rate is often between 150 and 
200/min, with a range of 110-240/min. Usually AV block 2 : 1 is 
present (ECG 19.4), rarely with superimposed Wenckebach 
phenomenon (leading to irregularity of the ventricular action) 
or AV block 3 : 1. Often the atrial rhythm is slightly irregular. 
Occasionally an alternating slight ‘regular irregularity’ is 
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found: the (AV blocked) p wave after the QRS shows a shorter 
distance to the previous (conducted) p than to the following 
(again conducted) p wave. The mechanism for this behavior is 
the same as in Ventriculophasic sinus arrhythmia’ (Chapter 12 
AV Block and AV Dissociation The Full Picture). Differentia- 
ting between the arrhythmia and atrial flutter with 2 : 1 AV 
block, especially of type 2 (where ‘saw-tooth’ waves are lacking, 
with a preserved isoelectric line between the flutter waves) is 
often not possible. However, the differentiation is clinically im- 
portant in one condition: in atrial flutter, digitalis is often help- 
ful for slowing the ventricular rate. If atrial tachycardia with AV 
block is due to digitalis intoxication, digitalis is obsolete. 

1 1 Left Atriai Tachycaraia 

This arrhythmia is very rare. Rates can be as high as 
150-200/min and may cause severe symptoms. The EGG is 
characterized by negative p waves in lead I (and often in aVL) 
and by positive p waves in lead Vj (EGG 19.6). Mirowski’s 
ancient criteria [8,9] have been modified [10,11], because a sim- 
ilar p morphology may be observed also in cases with ectopic 
right atrial tachycardia, but with a biphasic p wave in lead V^. 
The reason for the positive p wave in lead V^ in left atrial 
rhythm is atypical activation of both atria. First the left atrium 
is activated eccentrically (vector directed anteriorly and to the 
right), followed by the activation of the right atrium, with a 
similar vector. A 100% differentiation between right and left 
atrial origin is necessary, of course, if ablation therapy is taken 
in consideration. 

12 Multifocal Atrial Tachycardia 
(Chaotic Atrial Tachycardia) 

This arrhythmia is also very rare and is also called chaotic atri- 
al tachycardia or chaotic atrial mechanism. The rate is about 
110-150/min (if less than 100/min, it is correctly called chaotic 
atrial mechanism; EGG 19.5). The definition depends on at least 
three (often more than 10) different p morphologies in one 
lead, and variable P-P, R-R and PQ intervals. As the absence of 
a dominant atrial centre is also mandatory, sinus rhythm with 
salvos of atrial PBs should not be misdiagnosed as multifo- 
cal/chaotic atrial tachycardia/mechanism. AV block 1° may 
occur in some beats, as well as singular AV junctional escape 
beats. The arrhythmia lasts for minutes or for days. It may 
change to atrial flutter or atrial fibrillation (which is excep- 
tional in our experience). Multifocal atrial tachycardia has gen- 
erally moderate hemodynamic consequences; its bad progno- 



sis is based on frequent association with severe chronic 
obstructive pulmonary disease [12,13]. In this context up to 
50% of patients die within 6 months of the underlying disease. 
Diabetes, hypertensive heart disease and hypokalemia may 
rarely be associated with the arrhythmia [13]. 

EGG 19.7 shows an example of a complex atrial tachycardia 
that fulfills the criteria of multifocal atrial tachycardia on one 
hand and shows features of paroxysmal atrial tachycardia with 
AV block on the other hand. 

13 Acceleraiec' Atrial Rh-thn 

As the rate of accelerated atrial rhythm generally does not 
exceed 100/min, the term tachycardia is not used. The abnor- 
mal rhythm is characterized by episodes of atrial rhythm with 
abnormal p waves at a rate slightly above that of sinus rhythm. 
The arrhythmia is occasionally seen in Holter EGGs, its clinical 
relevance is zero. 

14 Closing Remarks 

A new - but not yet definitive - nomenclature for atrial tachy- 
cardias, and especially atrial flutter, has been proposed [14] 
(see also Ghapter 20 Atrial Flutter). 
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ECG19,1 

29 y/f. Run of APBs (8 beats) with a moderate rate; irregular. 







ECG19J 

45 y/m. Healthy, no symptoms. ECG: atrial 
tachycardia, rate 127/min. Negative p waves 
in inferior limb leads and to V5 (Vg). PQ 
0.1 sec. Note ST elevation, due to also inverse 
atrial repolarization. 
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Chapter 19 ECGs 





ICG 19.3 

52 y/m. Several episodes with rapid palpitations, duration minutes to 2 h. Rarely vertigo. Otherwise healthy heart. Continuous rhythm-stripe 
(monitor lead): atrial tachycardia (EPI (electrophysiologic investigation): atrial reentry tachycardia), rate 160/min. Conversion with 6 mg 
adenosine i.v. Note several episodes of significant bradycardia (pauses up to 2.5 s), due to sinus standstill or sinoatrial block, with ventricu- 
lar and atrial escape beats. Finally ectopic atrial rhythm. 
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ECG19.4 

85 y/f. (leads to V 3 ) Coronary and hypertensive heart disease. Mild renal failure (creatinine 
1 30 mmol/I, creatinine clearance not known). Serum digoxin level 5.7 mmol/l. ECG: atrial tachycardia, 
rate 1 56/min, with 2 : 1 AV block. The conducted beats show AV block 1 Rare VPBs and relatively mild 
ST depression in V 3 to Vg (not shown). Normalization of the rhythm within 7 days (over Wenckebach 
and AV block V). 




ECG 19.5 

64 y/m. Coronary artery disease. ECG (leads V 1 /V 2 ): chaotic atrial rhythm, instantaneous rate 
50-107/min. Note the 'absolute ventricular arrhythmia', the six different p waves in six cycles and 
the varying PQ intervals. 



343 



Chapter 19ECGs 




ECG19.6 

54 y/f. Left atrial tachycardia. Palpitations for years. ECG (courtesy 
of Reto Candinas). Atrial tachycardia, rate 125/min. Note the nega- 
tive p waves in leads I, II and V 2 to V 5 , and the high positive p wave 
in V^. EPI: focus in the proximal right lower lung vein. Ablation. 
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ECG1S.7 

74 y/f. Complex atrial tachycardia. ECG: leads I to aVR and V^. In the limb leads an absolute arrhythmia of ventricular action is 
observed, in the presence of at least five different p configurations. The third beat (after a relative long R-R interval) is an 
Ashman beat with RBBB configuration. Lead reveals an irregular atrial tachycardia (rate 150-180/min) with a morpholog- 
ically predominant centre (peaky positive p waves), but also at least three other p configurations. The ventricular rate is 
slower due to AV block 2° of Wenckebach type, with different duration of the two Wenckebach periods and different behav- 
ior of the PQ interval. 
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Chapter 20 
Atrial Flutter 



At a Glance 



Atrial flutter is eight times rarer than atrial fibrillation, and in 
old patients about 15 times rarer. The arrhythmia may last for 
some beats, some minutes, hours, months, or even years. 
Symptoms preferentially depend on the ventricular rate, which 
is determined by atrioventricular conduction. The etiology of 
atrial flutter is as manifold as that of atrial fibrillation. 

ECG 

The (atrial) rate of atrial flutter is between 230 and 330/min, 
often between 240 and 300/min, and stable in an individual 
patient. Atrial impulses are commonly blocked within the atri- 
oventricular (AV) node in a 2 : 1 mode (2 : 1 AV block), result- 
ing in a ventricular rate of about 140 to 150/min. Atrial rate is 
slowed by a dilated right atrium, by an excessive intra-atrial 
conduction disturbance, and by drugs such as amiodarone (in 
the last case to less than 200/min). Preexisting or rate-depend- 
ent right bundle-branch block (RBBB) (or rarely left bundle- 
branch block (LBBB)) may be present, masking the flutter 
waves and mimicking ventricular tachycardia at a first glance. 
A tachycardia with small or broad QRS, especially with RBBB 
configuration, with a rate of 130 to 160/min represents atrial 
flutter in 70% of the cases (ECG 20.1). 

1 Morphologic Types o. Atria! Flutter 

There are two types of atrial flutter (for a new nomenclature 
see next section). 

1.1 Common Type {Type 1) (in 85%) 

Typical flutter waves show a ‘saw-tooth’ or ‘picket fence’ appear- 
ance in leads III and aVF (and II), where the isoelectric line 
cannot be identified anymore, and flutter waves or p-like waves 



in some other leads, are well visible in (ECGs 20.2 and 20.3). 
On many occasions the ventricular response is irregular, due to 
varying AV block 2° (2 : 1 to 4 : 1 or higher), sometimes with a 
superimposed Wenckebach mechanism (ECG 20.4), occasion- 
ally mimicking absolute arrhythmia as in atrial fibrillation. 
However, in a longer rhythm strip a ‘regular irregularity’ can be 
recognized in all cases. 

‘Regular irregularity’ may also indicate atrial flutter with 
changing AV-conduction if the flutter waves cannot be identi- 
fied (ECG 20.5). I : 1 conduction is rare, but important. It may 
occur in children, but also in adults during sympathetic stimu- 
lation, for example during exercise (ECG 20.6a), with 2 : 1 
AV block after exercise (ECG 20.6b), in the early phase of 
quinidine therapy, and in patients with pre-excitation (Wolff- 
Parkinson- White syndrome). A ventricular response of about 
300/min represents a dangerous condition. Moreover, ventric- 
ular fibrillation may develop. 

1.2 Uncommon Type (Type 2) (in 15%) 

The diagnosis of this rather rare type may be difficult because 
the ‘saw-tooth’ configuration is lacking. ‘Type 2’-flutter waves 
are p-wave-like in all leads, and positive in leads III and aVF, 
with a more or less preserved isoelectric line (ECG 20.7). The 
atrial rate is also stable and may be faster, between 240/min 
and 380/min. The AV conduction shows the same variations as 
in the common type. 

Due to the p-wave-like flutter waves, uncommon atrial flut- 
ter is easily confounded with atrial tachycardia. Because atrial 
tachycardia with incomplete AV block may be due to digitalis 
intoxication, it is dangerous to give digitalis in such a case. 
Although the rate of atrial tachycardia rarely exceeds 210/min, 
differentiation between a fast atrial tachycardia and atrial flut- 
ter, especially of the uncommon type, is sometimes very diffi- 



347 



At a Glance 




cult. Clinical findings and the patient’s history should be con- In common and uncommon atrial flutter, the electrophysi- 

sidered. Moreover, one has to check if the patient is already ologic mechanism is a macro-reentry within the right atrium, 
under digitalis. 



The Full Picture 



Recently the electrophysiologic mechanisms of atrial flutter 
have been re-evaluated. This means on the one hand that the 
EGG diagnosis has become more complex, and on the other 
that the clinical problems related to atrial flutter remain 
unchanged. 

l Nomenclat==r? 

During the last lo years considerable progress has been made 
in the analysis of electrophysiologic mechanisms of atrial flut- 
ter and atrial tachycardias, based on special stimulation proto- 
cols and on non-contact mapping systems and electro anatom- 
ical contact systems [1-4]. 

The classification in atrial flutter type 1 and type 2 seems to 
be too simple. Based on electrophysiologic investigations, a 
new nomenclature was recently proposed by an expert group 
of the Working Group of Arrhythmias from the European and 
the North American Society of Pacing and Electrophysiology 
[4]. The following well-characterized modes of atrial flutter are 
distinguished (Table 20.1). 

Table 20.2 demonstrates the atrial flutter patterns in the 
EGG (as far as they are known) of the different types. 

Evidently, the same electrophysiologic mechanism may 
provide different flutter configurations in the EGG and, con- 
versely, the same pattern in the EGG may be based on different 
mechanisms. 

Interestingly, for people with reverse typical flutter, the typ- 
ical flutter can be induced in the lab in about 50%. Lesion 
tachycardia is based on a scar due to atriotomy, to placement of 
a baffle (Mustard, Senning), to an excessively dilated right atri- 
um, or to ablation of atrial fibrillation. 

Some features of ‘focal’ atrial tachycardia (that may be due 
to enhanced automaticity, triggered activity and reentry!), fib- 
rillatory conduction, reentrant sinus tachycardia, and inappro- 
priate sinus tachycardia are also discussed in the publication of 
Saoudi et al [4]. 



Table 20.1 

New nomenclature of atrial flutter (derived from [4]) 

- Typical flutter {formerly type 1 flutter) £CG:'sflw-toothY'picket fence' 

- Reverse typical flutter (formerly type 2 flutter) 

- Lesion makro- reentrant tachycardia ['incisional' flutter) 

- Lower loop flutter 

- Double-wave re-entry 

- Right atrial free wall makro-reentry without atriotomy 

- Left atrial macro- reentrant tachycardia [primary circuit in the left atrium) 



Table 20.2 

Corresponding ECG patterns (derived from [4]) 



Modeofatrialfl utter ECG 



Typical flutter 
Reverse typical flutter 



Lesion tachycardia 



Lower loop flutter 
Double- wave reentry 
RA makro-reentry without atriotomy 
Left atrial macro-reentrant tachycardia 



- 'Saw-tooth' configuration, 
dominant negative in !ll,aVF 

- Broad positive flutter waves in 
]||,aVF 

- Negative flutter waves in 

- Similar pattern to typical flutter 
possible 

- Often similar pattern to typical 
flutter in right atrial atriotomy 
tachycardia 

- Low voltage fl utter waves 

- Any pattern 

? 

? 

7 

- Si mi la r or identical to typical 
flutter 

- Positive fl utter waves in V ^ 

^ P waves with isoelectrical line 
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The new classification, and especially the underlying mech- 
anisms, are highly interesting. However, there has been only a 
modest impact on practical rhythmology, drug treatment 
included, hitherto. 

The duties of the practitioner are: 

i. to recognize atrial flutter (in aberration and in cases with 
hidden flutter waves) and to treat patients in context of the 
underlying disease and symptoms. 

ii. to send selected patients to the electrophysiology lab 

iii. to take note, if possible, of new developments (and nomen- 
clatures) in this field. Electrophysiology becomes ‘fraction- 
ated’ more and more, like our daily lives. 

The duties of the electrophysiologist are: 

i. to determine the correct substrate and mechanism and to 
treat the patient with ablation 

ii. to provide detailed information about the practical signif- 
icance and importance of the findings. 

3 Etiology 

Overall, short-lasting atrial flutter is most frequently seen in 
patients after cardiac surgery [5,6], especially after valve 
replacement. Flutter of any duration occurs in many other heart 
diseases such as acute myocardial infarction, hypertension, 
hyperthyroidism, mitral valve lesions, cardiomyopathies of all 
etiologies, myopericarditis, and acute pulmonary embolism. 
The arrhythmia may also be associated with a special variant of 
the ‘sick sinus syndrome’, the ‘bradycardia/tachycardia type’ 
(Chapter 22 Sick Sinus Syndrome), but it is rare in chronic cor 
pulmonale [7] and in otherwise healthy hearts (‘lone atrial flut- 
ter’). Granada et al [8] describe a prevalence of atrial flutter in 
1.7% of 181 patients. In all the conditions mentioned here, atrial 
flutter is much more rare than atrial fibrillation. 

ECG Special 

In type 1 flutter with 2 : 1 AV block the ‘saw-tooth’-like flutter 
waves are generally detectable in the inferior leads, if they are 
not masked by a bundle-branch block. In type 2 flutter with 2 : 1 
AV block the p-like flutter waves are often placed alternately in 
the middle between the QRS complexes, and completely hidden 
within the QRS complexes (ECG 20.8a). In these cases the mis- 
diagnosis of atrial tachycardia or even sinus tachycardia with 



1 : 1 AV conduction is often made. Carotis sinus massage, 
enhancing AV block, may resolve the problem (ECG 20.8b). In 
sinus rhythm, vagal maneuvers slow the rate during a short 
time, whereas a ventricular tachycardia remains unchanged. 
Occasionally, type 2 flutter may only be diagnosed by careful 
analysis. ECG 20.9 shows an example with right bundle-branch 
block (RBBB). Even so, type 2 flutter cannot always be diag- 
nosed at a first glance (ECG 20.10). 

Thus, in a tachycardia with a rate of about 130-160/min and 
with detectable p wave-like deflections just in the middle 
between the QRS complexes, atrial flutter type 2 (or atrial 
tachycardia) with 2 : 1 AV block should always be excluded. In 
some cases every second flutter wave appears just at the end of 
the QRS complex, thus simulating incomplete right bundle- 
branch block in lead Vj (ECG 20.11). In hospital conditions, an 
esophageal lead or right atrial catheter lead helps resolving 
diagnostic problems by demonstrating the presence or absence 
of flutter waves. 

Extremely short flutter is only exceptionally detected, most- 
ly in Holter ECGs (ECGs 20.12 and 20.13). 

If a physician cannot distinguish between flutter with irreg- 
ular ventricular response and atrial fibrillation, his diagnosis 
will be ‘fibrillo-flutter’. Mixed flutter-fibrillation does indeed 
exist. Flutter-like episodes alternate with typical fibrillation, 
the atrial rate is high (about 400/min) and the ventricular 
response is almost completely irregular (ECG 20.14). On one 
hand, in the right atrium (and the left?) there are flutter circuits 
(with changing directions and velocity); on the other hand, a 
portion of the right atrium (and the left?) is fibrillating. 
According to a recent publication [4] the mechanisms are even 
more complex. 

4 Clinical Significance 

Every physician is aware of the symptoms and hemodynamic 
consequences of atrial flutter. Untreated flutter often shows a 
ventricular rate (about 130-160/min) that is too high, whereas 
drugs often provoke a ventricular response that is too slow by 
impairing AV conduction. Both conditions reduce cardiac out- 
put. Moreover, abrupt changes in heart rate may lead to palpi- 
tations and may even result in an inability to work. As is the 
case with every longstanding tachycardia, incessant flutter with 
2 : 1 AV block may lead to a ‘tachycardia-induced cardiomyopa- 
thy’. 

In the experience of most physicians, atrial flutter some- 
times, though rarely, provokes thromboembolic events. Thus, 
long-term anticoagulation does not seem to be indicated nor- 
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mally. However, flutter and fibrillation, or mixed flutter-fibrilla- 
tion, are not that rare in the same individual. Periods of atrial 
fibrillation may remain undiscovered. Moreover, a recent publi- 
cation reported an astonishingly high incidence of thrombotic 
material and/or spontaneous contrast in the left atrium and left 
appendage in 34% of cases, detected by transesophageal echo- 
cardiogram [9]. Wood et al [10] found, in 86 patients, an annu- 
al incidence of thromboembolic events of 3%. In a reader’s com- 
ment, Densem [11] mentioned a 2.2% incidence of cardiover- 
sion-related thromboembolic events, and proposed that the 
‘anticoagulation guidelines of atrial fibrillation’ issued by the 
American College of Chest physicians (international normal- 
ized ratio (INR) of 2-3, 3 weeks before and 4 weeks after car- 
dioversion), should be applied to flutter also. In a recent review, 
based on eight studies. Lip and Kamath [12] reported a risk rate 
of 2.2% for embolism in non-anticoagulated or insufficiently 
anticoagulated patients after electroconversion (partially due to 
stunning atria after direct current (DC) shock). Therefore they 
recommend the same anticoagulation practice before and after 
DC shock, as for people with atrial fibrillation. Lip and Kamath 
surmise that the data for permanent anticoagulation in chronic 
atrial flutter are not yet completely convincing. 

5 Pathophyiiology and Ther^-psutic 
Consequences 

The increasing age of the general population seems to influ- 
ence the atrial rate in atrial flutter. The formerly ‘classical’ rate 
of about 300/min is seen mostly in younger patients. In older 
people, atrial rates of 220-270 are quite usual. This is probably 
due to age-related intra-atrial conduction disturbances, a dilat- 
ed right atrium, and drugs, especially amiodarone, flecainide 
and procainamide. 

In most patients with flutter an intra-atrial or inter-atrial 
conduction abnormality has been found, during intermittent 
sinus rhythm [13]. The rate of atrial flutter waves not only cor- 
relates with age and drugs, but also with atrial diameter. This 
can be explained by the underlying electrophysiologic mecha- 
nism, involving a makro-reentry circuit movement within the 
right atrium in both typical (‘type 1’) and inverse (Type 2’) flut- 
ter. In a dilated right atrium the longer circuit results in a lower 
rate. Interestingly, rapid pacing (with a catheter placed in the 
right atrium) is more successful in type 1 flutter than in type 2 
flutter, in 70% and 6% respectively [14]. Recent investigations 
[4] suggest that flutter type 2 is partially based on mechanism 
other than makro-reentry, which cannot be influenced by pac- 
ing. 



Drugs like amiodarone, pronestyl, flecainide, and quinidine 
decrease the rate of atrial flutter to 200/min or even lower 
(EGG 20.15). Thus pronestyl and quinidine may induce a 1 : 1 AV 
conduction, whereas amiodarone impairs the conduction in 
the AV node enough for inhibiting 1 : 1 conduction. 

Drug therapy and prophylaxis of atrial flutter is often 
unsatisfactory, and in cases of significant bradycardia or the 
‘bradycardia-tachycardia variant’ of the ‘sick sinus syndrome’ 
a pacemaker is preferable. Today catheter-induced ablation is 
the best therapy for chronic atrial flutter and is successful in a 
high percentage of cases. 
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ECG20.1 

69y/m. Atrial flutter type 1 with 2 : 1 (or 3 : 1 ) AV block and RBBB. Atrial rate 270/min, ventricular rate 1 35/min (or slower). The 'saw- 
tooth' flutter waves (interiorly) are partially hidden within the negative T waves and the QRS complex. (Note: the QRS complex in V 5 
appears to be small, because the terminal part of QRS is almost isoelectric). 
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ECG 20.2 

53y/m. Atrial flutter type 1 with 1 : 2 AV conduction (2 : 1 
AV block). Atrial rate 270/min. Every second flutter wave is 
superimposed on the negative T waves in leads lll/aVF/ll, due 
to three old inferior myocardial infarctions (see Q waves in 
these leads). 



ECG 20.3 

73y/m. Atrial flutter type 1 with 2 : 1 AV block. Atrial rate 314/min, ven- 
tricular rate 157/min. 
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ECG 20.4 

73y/m. Atrial flutter type 1 ('saw-tooth' pattern only minimal, see lead III) with AV-block 2 : 1 or 3 : 1, with superimposed Wenckebach phe- 
nomenon (interval between flutter waves and QRS changing). Atrial rate 276/min. LVH and LV overload. 
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ECG20.5 

Atrial flutter without clearly detectable flutter waves, in a patient with RBBB.The diagnosis is made on the basis ofregular irregularity', 
corresponding to 2 : 1 or 3 : 1 AV block. Flutter rate corresponds to the double of the instantaneous rate of the small R-R 
intervals=284/min. 
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ECG 20,6a ECG 2Q.6b 

47y/m. Tetralogy of Fallot, operated at the age of 26y. Atrial flutter Same patient. At rest. Atrial flutter type 1 with AV block 2® 2 : 1 . 

with 1 : 1 conduction during exercise (9 MET (maximal exercise test)). Atrial rate 204/min. 
ventricular rate 205/min. RBBB.The low atrial rate is caused by an 
excessively dilated right atrium. 
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ECG 20.7 

77y/f. Atrial flutter type 2 (positive flutter waves in III, aVF), with varying AV conduction (4 : 1 and 2 : 1 AV block, with superimposed 
Wenckebach phenomenon). Atrial rate 308/min, ventricular rate about 77/min and 144/min respectively. 
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ECG10.Fi 

71y/m. Atrial flutter with 2 : 1 AV block. Alternating, one flutter 
wave is in the middle between the QRS complexes, the other hid- 
den within QRS. Rather type 1 than type 2 flutter (no distinct iso- 
electric line in lead III). 





Same patient. Carotis sinus 
massage (leads l-lll) 
enhances AV block to one 
episode of 1 1 : 1, unmask- 
ing the flutter waves (rate 
197/min). 
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ECG2QJ 

78y/m. Atrial flutter with 2 : 1 AV block, atrial rate 264/min. RBBB.Type 1 flutter seems to be present. However the 'pseudo-saw-tooth' pat- 
tern in II corresponds to the S wave of RBBB, and the negative deflection in III to the negative T wave. In lead aVF (and III) small positive 
flutter waves are detectable (i), indicating type 2. Based on the 'p wave' in the arrhythmia was first interpreted as sinus tachycardia. 
However the 'p wave' is short and the 'p'-R interval only about 0.10 sec. 
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ECG 20.10 

80y/m. (Leads l-lll) Atrial flutter type 1 with 2 : 1 AV block, 
atrial rate 300/min. Negative flutter waves in the inferior 
leads alternately hidden within the QRS. Positive flutter 
deflections clearly detectable in lead I (t). 








ECG 20.11 

67y/m. Atrial flutter type 1 ('smooth saw-tooth'), with 2 : 1 AV block. Atrial rate 248/min. Flutter waves imitate iRBBB (pseudo-r') in 
lead V^. 
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ECG 20.12 

75y/m. Sinus bradycardia, interrupted by short paroxysmal flutter. 




ECG 20.13 

64y/m. Paroxysmal irregular flutter at a high rate (fibriilo-flutter?) in another patient. Ventricular irregularity excludes artifacts. 
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ECG 20.14 

84y/m. Fibrillo-flutter. In lead flutter waves of variable configuration and at variable rates are seen. Absolute ventricular arrhythmia. 
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ECG 20.15 

78y/m. Atrial flutter at a very slow rate, due to amiodarone, 164/min and 2 : 1 AV block. Deformation of the T wave and prolonged QT(U) 
interval (visible in to V 4 ) also induced by amiodarone. LVH and LV overload. 



362 



Chapter 21 

Atrial Fibrillation 



At a Glance 



After ventricular premature beats (VPBs) and atrial premature 
beats (APBs), atrial fibrillation (AF) is the most frequent 
arrhythmia. Hemodynamics and symptoms are related to the 
ventricular rate and the loss of atrial contraction. The most 
important complication of AF is cerebral stroke. Moreover, AF 
is an independent risk factor for death. Therapy and preven- 
tion of AF are complex. 

Etiology and Prevalence 

The most common etiology in chronic AF is fibrosis of the 
atrial myocardium in older patients. Other etiologies include 
all diseases with chronic overload of the left atrium, such as 
hypertensive heart disease, cardiomyopathies of the left ven- 
tricle of any origin, left-sided valvular diseases (especially 
mitral stenosis), and many other conditions such as hyper- 
thyroidism, infections, and alcohol abuse. The prevalence of 
AF is o .5%- o .8% at age 51-60 years, and 9% at age 80-89 
years. 

Transient AF is often seen after open heart surgery (espe- 
cially aortic and mitral valve surgery), in the acute stage of 
myocardial infarction, and also in hyperthyreosis and alcohol 
abuse. AF occasionally occurs in an otherwise normal heart, 
but in this case it is known as Tone atrial fibrillation’. 

ECG 

The single reliable diagnostic ECG feature in AF is the 
absolutely irregular ventricular response^ also called 'absolute 
arrhythmia' (ECG 21.1). This compulsory sign is always 
detectable in a rhythm strip. Note the pitfalls: 

i. In tachyventricular AF, the rhythm may be almost regular 
(pseudo-regularization; ECG 21.2). 



ii. In the very rare combination of AF with complete atri- 
oventricular (AV) block and escape rhythm, the ventricu- 
lar rhythm is regular. 

iii. Of course we also find a regular ventricular rhythm in AF 
associated with ventricular pacing. 

In most cases of AF, the f waves (fibrillatory waves) are clearly 
visible. The f waves are completely irregular in respect to 
rhythm and configuration and have a rate of 350-500 (up to 
650) per min. They are best detectable in leads Vp III and aVF. 
We distinguish between coarse f waves (ECG 21.3) and fine 
f waves (ECG 21.4), both of which can sometimes be present in 
the same patient (ECG 21.5). However, there are some condi- 
tions where f waves cannot be detected: 

i. At very fast ventricular rates the f waves are hidden within 
the QRS complex and the repolarization waves (ECG 21.2). 

ii. The f waves may also be masked by a bundle-branch block 
(BBB) that leads to prolongation of the ventricular cycle 
(ECG 21.6). 

iii. In the presence of fibrotic atria with only a small rest of 
myocardial fibers the f waves are very small (ECG 21.7) or 
may even be lacking. In all these conditions, the correct 
diagnosis is made by the detection of absolute ventricular 
arrhythmia. In the presence of coarse f waves, the damage 
of the atrial muscle is generally less than in the presence of 
fine f waves, and is associated with better short- and long- 
term success of direct current (DC) conversion. 

1 Hemodynamics 

Fortunately, not all atrial impulses (rate 350-650/min) reach 
the ventricles. Many of them are blocked in the AV node. The 
other impulses are conducted at random intervals to the ven- 
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tricles, thus leading to absolute arrhythmic ventricular activi- 
ty. A very fast (and irregular) ventricular activity has great 
clinical importance. Similarly to very early VPBs, in every ven- 
tricular beat of AF with high instantaneous rate, the preceding 
diastole is shortened considerably, thus inhibiting normal ven- 
tricular filling and consequently reducing the stroke volume - 
in extreme conditions to just a few milliliters. This means that 
not every QRS complex induces a ventricular contraction that 
is sufficient for a palpable peripheral arterial pulse. The result 
is a ‘peripheral pulse deficit’ that may reach > 50% of the heart 
(i.e. ventricular) rate. The greater the peripheral pulse deficit, 
the smaller the cardiac output per minute. 

2 Clinical Significance 

AF is not necessarily a disease with symptoms and complica- 
tions. About 50% of patients have no restrictions in their daily 
life and never suffer complications. The loss of the so-called 
atrial kick does not always cause symptoms. Yet 50% of 
patients have symptoms, including reduced work capacity, pal- 
pitations, even near-syncope, and perhaps more severe compli- 



The Full Picture 



Besides ventricular tachycardia (VT) and atrioventricular 
block (AV block) atrial fibrillation (AF) represents one of the 
most important and most fascinating arrhythmias. The diag- 
nosis is not always easy and the prevention and therapy of AF 
is one of the perpetual evergreens of national postgraduate 
sessions, international meetings and ‘consensus’ conferences. 

4 Etiology and Prevalence 

Based on the Framingham study, the prevalence of AF has 
increased in men aged 65-84 from 3.2% in the period 
1968-1970 to 9.1% in the period 1987-1998. The reason for this 
is unclear. It cannot be explained only by the fact that AF 
increases with age, with at least a doubled incidence for each 
decade of age [1]. It suggests also that the most common etiol- 
ogy of chronic AF is a degenerative process of the atrial muscle 
fibers that are replaced by fibrotic tissue. 

While up to 200 ventricular or supraventricular PBs per 
24 h are found in about 40% of healthy individuals, AF is 



cations, the major one being cerebral stroke. The origin of 
embolism is thrombotic material within dilated atria, especial- 
ly in the appendages. Whereas small pulmonary embolism is 
mostly asymptomatic, peripheral embolism often has serious 
consequences depending on the affected organs (cerebrum, 
intestine, limbs, and very rarely the coronary arteries). 
Moreover, AF may evoke or aggravate heart failure and it also 
reduces survival, especially in patients with heart decompensa- 
tion. 

Symptoms are generally due to an irregular ventricular 
response that is either too slow or, more often, too fast. Syncope 
is rare and may occur with ventricular rates above about 
230/min or during (spontaneous) conversion in sinus rhythm 
(ECG 21.8) due to a longer atrial and ventricular standstill. 

3 Therapy 

The therapeutic approach includes drugs, direct current con- 
version and ablation or a combination of them. In most 
patients with AF, anticoagulation is necessary. For details see 
next section. 



hardly ever encountered in an otherwise normal heart [2]. In 
‘lone atrial fibrillation’ the cause for the arrhythmia is 
unknown and the left atrium has normal dimensions. ‘Lone 
AF’ may occasionally lead to dilatation of the left atrium and 
in such cases it can no longer be regarded as lone. Hyper- 
thyroidism, sometimes in its oligosymptomatic form, is 
found in about 5% of AF in middle-aged patients and needs 
to be excluded serologically [3]. In patients with apparent 
hyperthyreosis, AF occurs in io%-20%, often transiently. 
Other causes of AF are hypertension, infectious or dilating 
heart disease, mitral valvular disease (formerly mitral steno- 
sis in the main), aortic valvular disease, constrictive peri- 
carditis, and atrial septal defect in older patients, and many 
other rare diseases. It is not well known that digitalis intoxi- 
cation may provoke AF [4] in rare instances. 

Obviously, AF in most cases develops after overload and 
organic injury of the left atrium and represents a consequence 
of left heart disease. In diseases of the right heart (the most fre- 
quent one is chronic cor pulmonale), the arrhythmia is rare 
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and may occur transiently, usually as a sign of respiratory 
infection, or of respiratory or heart failure. 

Transient AF occurs in acute myocardial infarction in 
7 %-i 6% [5,6] whereas chronic AF is not common in chronic 
coronary heart disease without congestive heart failure. In the 
CASS study only 126 of 18 630 patients (0.6%) with coronary 
heart disease had AF [7], that is a lower prevalence than in a 
general population of a comparable age. AF was negatively cor- 
related with the number of diseased coronary arteries - an 
astonishing and unexplained phenomenon. AF in its transient 
form is commonly found in patients after open heart surgery, 
especially mitral and aortic valve replacement (in 20%-30%), 
and after lung and other operations [8]. 

In pulmonary embolism, transient AF is encountered more 
rarely than atrial flutter, although an early study reports an 
incidence of 10% [9]. AF by no means excludes a healthy sinus 
node. Indeed, all in all AF is only rarely connected with the ‘sick 
sinus syndrome’, usually with its bradycardia- tachycardia 
variant (see Chapter 22 Sick Sinus Syndrome). 

ECG Special 

5 Aberration in Atrial Fibrillation 

As for any other supraventricular rhythm, AF may be conduct- 
ed to the ventricles with every known aberration, such as bun- 
dle-branch block or fascicular block. However, two conditions 
are of particular interest. 

5.1 Ashman Beats 

If a relatively long R-R interval is followed by a near QRS com- 
plex showing a bundle-branch block configuration, ventricular 
aberration is much more probable than a VPB. This phenome- 
non is explained by the prolongation of the refractory period 
of the bundles by instantaneous bradycardia [10] and was first 
described by Gouaux and Ashman as long ago as 1947 [11]. 
Ashman beats are most probable if the phenomenon can be 
observed several times on a longer rhythm strip. Right bundle- 
branch block (RBBB) aberration (ECG 21.9) is much more fre- 
quent than left bundle-branch block (LBBB) aberration 
(ECG 21.10), because the refractory period is longer in the right 
bundle than in the left. After an Ashman beat a compensatory 
pause is lacking. This is in contrast to a VPB, which is usually 
followed by a compensatory pause. In an experimental setting, 
Pritched et al [12] have shown that a stimulated VPB is followed 
by a compensatory pause, thus confirming the findings of 



Langendorf and Pick [13]. In practice, however (non-laborato- 
ry conditions), a full compensation after a real VPB is often 
missed. The correct diagnosis may be difficult. 

5.2 Atrial Fibrillation in Pre-excitation 
(Wolff-Parkinson-White Syndrome) 

In both common ‘orthodromic’ and rare ‘antidromic’ reentry 
tachycardia, the accessory pathway (AP) and the AV junction 
represent the circuit for conduction. In the first type the AP is 
used for retrograde conduction, and in the second type for 
antegrade conduction. The conduction of AF antegradely over 
an AP is rare but may represent the most tremendous arrhyth- 
mia in patients with pre-excitation. If the refractory time in 
antegrade conduction is very short, an abnormally high num- 
ber of atrial impulses reach the ventricles, causing excessive 
fast ventricular activity and possible degeneration into ven- 
tricular fibrillation (VF). 

Often a cautious analysis of the ECG allows differentiation 
between a fast regular VT or a supraventricular tachycardia 
with bundle-branch block, and tachyventricular AF with a pre- 
excitation pattern (eventually with pseudo-regularization of 
the rhythm at a high rate). In the first conditions delta waves 
are absent; in the last case delta waves are always present, gen- 
erally best visible in the precordial leads (ECG 21.11). It is 
important to know that AF may occur in young patients and 
even in children with the Wolff-Parkinson-White (WPW) syn- 
drome, thus including the possibility of VF [14]. It is absolute- 
ly contraindicated to give digitalis or verapamil intravenously 
in AF combined with pre-excitation. Both drugs slow conduc- 
tion in the AV node and may enhance conduction antegradely 
in the accessory pathway. Death due to antegradely conducted 
AF (or rarely atrial flutter with 1 : 1 conduction) along an acces- 
sory pathway, with consecutive VF, is a rare but tragic event, 
particularly in young persons. This is one reason more why 
patients with WPW syndrome should be investigated by inva- 
sive electrophysiology and ablation should be performed (see 
Chapter 24 Wolff-Parkinson-White Syndrome). 

6 Regular Ventricular Action in AF 

Besides the presence of complete AV block with a ‘physiological’ 
escape rhythm or a paced ventricular rhythm, there is a rare but 
interesting rhythm disturbance that also appears with a regular 
rhythm. In some patients with sick sinus syndrome or bradycar- 
dia after (heart) operations, AF maybe observed in combination 
with episodes of a regular AV junctional rhythm, in the absence 
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of complete AV block. When this is the case, AV junction fibers 
take over the heart rhythm, thanks to their intrinsic rate 
(ECG 21.12). This happens only rarely because in AF with a very 
slow ventricular response the AV node is also diseased and its 
intrinsic rate is depressed. For this situation the terms ‘accelerat- 
ed AV junction rhythm’ and ‘functional AV block’ may be used. 
On exercise, more atrial impulses are conducted to the ventricles 
and the usual arrhythmic response of the ventricles reappears. 

7 Interatrial Dissociation in AF 

Fibrillation of the left atrium and sinus rhythm of the right 
atrium (one possibility of interatrial dissociation [15]) repre- 
sents an extremely rare condition; we have seen three cases in 
30 years after DC conversion attempts to correct atrial fibrilla- 
tion. The ECG was characterized by small p waves of short 
duration (0.05 sec), corresponding to the normal depolariza- 
tion of the right atrium and fine fibrillation waves in lead Vj, 
corresponding to fibrillation of the left atrium. The rhythm 
was regular, the ventricles following the sinus node. 

8 Differential Diagnosis 

If AF and flutter-like waves are present in the same ECG, the 
term ‘fibrillo-flutter’ is used. This indicates an incomplete ‘flut- 
ter circuit’ in the right atrium that is partially fibrillating (for 
electrophysiologic details, see [16]). Functionally and clinically 
fibrillo-flutter has to be interpreted as a special form of AF. 
Absolute ventricular arrhythmia indicates AF (and rarely fib- 
rillo-flutter) in 99%. 

There is only one other and very rare arrhythmia where 
absolute ventricular arrhythmia is also present. It is called mul- 
tifocal atrial arrhythmia or chaotic atrial rhythm. This ar- 
rhythmia shows p waves and is defined by four criteria: 

i. absolute atrial arrhythmia, and consequently 

ii. absolute ventricular arrhythmia 

iii. multiple configurations of the p wave 

iv. changing PQ intervals, AV block 1° included (AV escape 
beats may occur). 

The mean atrial and corresponding ventricular rate is generally 
< 100/min (ECG 21.13). The arrhythmia lasts several minutes or 
hours, occasionally for days. There is no effective drug or electric 
therapy. Degeneration to AF has been described but is extremely 
rare. Chaotic atrial rhythm is seen in many rare conditions, the 
most common being severe cor pulmonale, with or without digi- 



talis medication. In these patients the in-hospital mortality rate is 
about 45% due to the underlying disease [17]. In practice, the 
diagnosis of multifocal atrial arrhythmia is made too often. This 
statement contrasts with the opinion of McCord and Borzak [18]. 
The diagnosis should only be made if the arrhythmia is continu- 
ous for at least several minutes. In some instances, in the presence 
of sinus beats and repetitive atrial premature beats with different 
p wave configurations, the diagnosis of multifocal atrial arrhyth- 
mia is not correct. In these cases the prognosis is much better. 
Multifocal atrial rhythm/tachycardia is also described in chil- 
dren, especially in those with congenital heart disease [19,20]. 

9 Electrophysiology 

AF is introduced by an early atrial premature beat, occurring at 
the potentially vulnerable phase of atrial repolarization (‘p on 
Ta’). ECG 21.14 shows spontaneous conversion of AF. After two 
sinusal beats AF is reintroduced by a premature atrial beat. 

In AF the atria are not activated by a single electrical im- 
pulse but exposed to multiple chaotic wavelets that are unable 
to induce a regular and normal rhythm. Atrial depolarization 
in AF is based on the non-homogeneity of conduction and res- 
ponsiveness of the atrial tissue. Recently, Haissaguerre et al [21] 
have found that electric impulses originating from a fast focal 
activity in the proximal parts of lung veins may be conducted 
to the left atrium and may induce AF. 

The conduction of the irregular electric impulses from the 
fibrillating atria to the ventricles is of special interest. In 
sinus rhythm the stimulus is delayed in the AV node, enabling 
complete diastolic filling of the ventricles and thus assuring 
optimal sequential atrioventricular contractions. In AF the 
majority of the atrial impulses are blocked in the AV node, in 
order to prevent an excessively high ventricular rate. Only a 
restricted number of impulses - generally about 20%-30% - 
are conducted to the ventricles, at random intervals, thus 
inducing absolute ventricular arrhythmia. The ventricular 
rate depends on the degree of the slowing-down capacity of 
the AV node that acts within very large limits and is influ- 
enced by vagal and sympathetic tone, by drugs and by organ- 
ic lesions. The conduction of the atrial impulses in AF, 
through the AV node to the ventricles, represents an example 
of concealed conduction. 

The mechanism of spontaneous conversion of AF 
(ECGs 21.8, 21.14 and 21.15) is not clearly understood. Flowever 
it exists, much in contrast to the non-existing spontaneous 
conversion in ventricular fibrillation, where conversion would 
be incomparably more wholesome. 
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10 Clinical Significance 

AF is an independent risk factor for death, with a relative risk 
of 1.5 for men and 1.9 for women [22]. In the presence of ven- 
tricular dysfunction, the increased mortality seems to be pri- 
marily due to heart failure [23] and stroke [1]. Also drug thera- 
py with anticoagulants [24] especially with an INR (interna- 
tional normalized ration) of > 3.5 [25] and antiarrhythmic sub- 
stances may contribute to mortality in some cases. 

Cerebral stroke is the most severe complication of AF, with 
a strikingly increasing incidence with aging (1.15% at age 
50-59 years and 23.5% at age 80-89 [1]). Stroke represents the 
main factor for morbidity, with more or less severely impaired 
quality of life. 

A recent study on all hospitalizations in Scotland (5.1 mil- 
lion inhabitants) revealed a tremendous increase in hospital- 
ization of patients with the principal diagnosis of atrial fib- 
rillation during the last few years, and a corresponding 
increase in costs. The cause is probably the higher age of the 
population and, more importantly, a change in medical prac- 
tice [26]. 

1 1 Therapy and Prevention 

Therapeutic and prophylactic approaches are multiple and 
complex [27] and have been extensively evaluated in the 
ACS/ AHA/ESC guidelines for the management of patients with 
atrial fibrillation [28]. In principal, both electric or drug thera- 
py/prophylaxis, or a combination of them, is possible. 

1 1 .1 Electric and Drug Conversion 

Conversion to sinus rhythm is either attempted with electric 
DC conversion (with 50-200 Joules) or with drugs, especially 
amiodarone, beta-blockers or, more recently, ibutilide [29]. If 
AF lasts for more than 24 h, oral anticoagulation for 3 weeks 
within therapeutic levels is mandatory before conversion is 
attempted, either electrically or with drugs. Anticoagulation 
should be continued for at least 3 months because throm- 
boembolic events most often occur in the first 3 months after 
DC conversion [30]. 

11.2 Implantable Defibrillator 

Some selected patients with paroxysmal AF are treated by an 
implantable defibrillator device. For several reasons the 
method is not yet generally used [31]. 



1 1 3 Maze Procedure and Catheter 
Ablation 

With the surgical open-heart method (so-called ‘maze proce- 
dure’) a complicated ‘canalization’ within the right atrium is 
realized, thus isolating and abolishing regions with chaotic 
activity and allowing only one major route for an electrical 
impulse (the sinusal one) to travel from the top to the bottom 
of the heart [32]. A new interventional technique with map- 
ping-guided ablation of lung veins was recently introduced by 
Haissaguerre et al [33]. 

11,4 Pacemaker 

With a sophisticated atrial (or dual chamber) pacemaker 
device, the induction of AF is partly inhibited by atrial rate sta- 
bilization and pacing intervention on APBs [31,34]. 

113 Prevention of Recurrent AF 

Attempts have been made to prevent recurrent AF with drugs 
such as beta-blockers, propafenone and amiodarone, and 
atrial pacing devices as mentioned above [35]. Calcium antag- 
onists like verapamil and diltiazem are less effective. 
Quinidine has been abandoned, especially in large doses, due 
to its proarrhythmic effect (possible induction of VT, type 
torsade de pointes, with a mortality rate of a few percent per 
year). Digitalis has been classified as ineffective in more 
recent literature, but it has been used successfully by many 
cardiologists, alone or in combination with the other drugs 
mentioned here. 

1 1.6 New-Onset Atrial Fibrillation 

New onset AF is often an innocent condition, reversible in 
about 50% of people within 24 h, without therapy. During the 
last 12 years, the author has been consulted by five in-hospital 
colleagues who have themselves suffered new-onset AF. 



Short Story/Case Report 1 

In 1990 a 32-year-old man with an otherwise normal heart, 
had palpitations during a viral infection. The ECG showed 
AF. There was conversion without therapy after 8 h, with no 
relapse. 
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Short Story/Case Report 2 

In 1992 a 3S-year-old woman had palpitations after a party, 
where she had consumed an unusual amount of alcohol. She 
had a normal heart, but the ECG showed AR She received 
therapy with propanolol zo mg twice a day and there was 
conversion after 16 hours (whether post or propter). She was 
relapse-free, without drugs. 

Short Story/Case Report 3 

In 1998 a 53-year-old man had palpitations after alcohol 
excess. His heart was normal but the ECG showed AR 
Therapy was refused. Conversion occurred after lo hours. 
After reduced alcohol intake there was no relapse. 

Short Story/Case Report 4 

In 1999 a 6o-year-old man had palpitations and n ear-syn- 
cope while taking a shower after vigorous jogging on a hot 
summer's day. He had a known mild mitral incompetence 
and a normal left atrium, ECG showed AR There was spon- 
taneous conversion after 30 min during ECG registration. No 
relapse occurred; no prophylaxis was given. 

Short Story/Case Report 5 

In 2001 a 63-year-old man had palpitations with malaise. He 
sought consultation 3 days later. This revealed untreated 
moderate hypertension and a slightly enlarged left ventricle 
and left atrium. The ECG revealed AE Therapy was started 
with an ACE inhibitor, atenolol 50 mg and anti coagulation. 
The AF persisted. After 3 weeks, the patient refused electro- 
conversion and am io da rone but accepted the addition of 
digitalis. Conversion occurred 1 week later. There had been 
no relapse with this therapy 14 months later. 

Conclusion: none of these patients had complications 
and none was hospitalized. In most situations, new-onset AF 
can be treated conservatively. 

n.7 Rate Control 

For control of a fast ventricular rate, digitalis is effective at rest, 
while beta-blockers have a better effect during exercise. In 
drug refractory tachycardia, catheter ablation of the AV node 
(generally its slow pathway) with consecutive implantation of a 



pacemaker, is an established therapy. Pure and symptomatic 
bradycardia needs a pacemaker. In the bradycardia/tachycar- 
dia variant (with or without the sick sinus syndrome) pace- 
maker and drug therapy are combined. 

11.8 Prevention of Thromboembolism 

Oral anticoagulation is much more effective than aspirin. Today 
there is no upper age limit for anticoagulation if contraindica- 
tions such as hypertension, anamnestic major bleeding compli- 
cations and so on are taken closely into account, and the thera- 
peutic level is held at an INR between (2.0?) 2.5 and 3.0 (3.5). 

Overall the ‘handling’ of AF has remained problematic, in 
spite of numerous symposia and consensus sessions [27]. 

1 1.9 Drug Rate Control versus 
Electroconversion 

For decades it was not known if either attempts to restore SR 
or rate control and anticoagulation with warfarine is better for 
survival of patients with AF. Running multicenter studies and 
trials as AFFIRM, PIAF, PAFAC and STAF should give a defini- 
tive answer to this important question [36]. The results of some 
studies (STAF, AFFIRM, RACE) have recently been published 
revealing no significant difference between the two therapeutic 
methods in the endpoints of death, cerebral stroke, major 
bleeding or cardiac arrest [37]. 

Probably these results will reduce a worldwide obsession to 
re-establish sinus rhythm in almost every patient with atrial fib- 
rillation with DC conversions which reached another summit, 
comparable with the enthusiasm just after the introduction of 
this therapeutic method 35 years ago. Yet many physicians have 
the impression that the long-term results of preserving sinus 
rhythm with antiarrhythmic drugs have not improved so much 
during the last few decades, especially in patients older than 65 
years with a markedly dilated left atrium and with AF lasting 
more than 6 months. However, several publications suggest bet- 
ter long-term results, especially with the use of amiodarone and 
propafenone [38,39]. DC conversion in patients with post-thyro- 
toxic AF reveals by far the best long-term results. In the study of 
Nakazawa et al [40] 67% of 106 patients with AF (lasting < 12 
months in 87% of cases) were in sinus rhythm after a follow-up 
of 80.6 ± 37 months. 
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11.10 Final Remarks 

Catheter- induced ablation [33] represents a promising step for- 
ward in the treatment of AR However, complications related to 
the procedure and insufficient late results have restricted the 
general use of the method so far [27]. 

The main purpose of re-establishing sinus rhythm (by any 
method) is to achieve sufficient atrial contraction to prevent 
thromboembolism and to improve hemodynamics. However, 
in a dilated and fibrotic left atrium, contraction remains poor 
even after conversion; in this case neither goal is reached. 
Hence, there remain some important problems in the treat- 
ment and prevention of AF to be resolved in the future. 
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ECG21.1 

86y/f. Lead . AF with 
the compulsory 'absolute 
ventricular arrhythmia'. 
The f waves are scarcely 
visible. RBBB. 




ECG21J 

75y/m. Leads V2 and V3. 
Pseudoregularization of ventricular rhythm 
in tachycardic AF, rate about 180/min. 

ST depression of 10 mm in V2, probably due 
to true ischemia and tachycardia. 




ECG 21.3 

86y/f. Lead . Coarse f waves (fine waves at the 
beginning). 




ECG2L4 

67y/m. Leads II, III, V^. Fine f waves. 
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ECG21J 

77y/m. Very small f waves in lead III (II, V^). LVH and ST depression (V 4 ),The last beat is not an aberrant beat, but a VPB (positive QRS 
deflection in all precordial leads). 
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ECG21.8 

79y/m. Spontaneous conversion of AF. Ventricular pause before sinus rhythm 2.6 sec. 




ECG21.9 

Lead II. RBBB aberration for two beats, where the rate is faster than in the other beats. Aberration occurs 
after a relatively long R-R interval. 




ECG 21.10 

Lead V 2 . LBBB aberration for four beats, where the rhythm is slightly irregular and the rate relatively fast. 
Aberration occurs after a relatively long R-R interval. A VT could be excluded. 



374 




EM2U1 

72y/m. ECG (V^ to Vg): AF in pre-excitation (WPW syndrome). The delta wave in Vg imitates a p wave. 
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ECG 21.12 

71y/f. AF without ventricular arrhythmia. The regular rhythm (rate 63/min) is due to an AV junc- 
tional escape (or 'accelerated') rhythm, without complete AV block. During mild exercise, the 
patient had AF at a ventricular irregular rate of about 80/min. 




ECG 21.13 

60y/m. Severe obstructive lung disease. Hypertension. Digoxin 0.125 mg/day, diuretics. ECG (lead V^): chaotic/multifocal atrial rhythm with 
absolute ventricular arrhythmia. Instantaneous rate between 50/min and 85/min. P wave morphology is always different, so are the PQ 
intervals. 
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Chapter 22 

Sick Sinus Syndrome (and Carotid Sinus Syndrome) 



At a Glance 



The sick sinus syndrome is a disease of the sinus node and 
occurs in middle-aged and older patients, with some 
exceptions. The most probable predominant etiology is a 
degenerative process of the sinus node with frequent 
involvement of the AV node. Other etiologies include coronary 
heart disease (CHD), infectious diseases, and other rare 
conditions. Clinically the etiology often remains unclear and is 
classified as 'unknown'. In the section The Full Picture' the 
carotid sinus syndrome, which is different from the sick sinus 
syndrome, is briefly discussed. 

ECG 

1 Characteristics 

The sick sinus syndrome often represents a collection of ECG 
signs that include the features described below. 

1.1 Sinus Bradycardia 

At rest, a sinus rate of less than 50 per minute. 

At exercise, or under drug-induced sympathetic stimula- 
tion (with adrenaline or isoprenalin), a sinus rate of less than 
90 per minute. 

1>2 Sinus Standstill/ Arrest 

See ECGs 22.1 and 22.2. In sinus arrest there is no impulse for- 
mation in the sinus node. In the ECG, sinus arrest can often not 
be distinguished from sinoatrial (SA) block 2° or complete SA 
block. Longer episodes with absent p waves favor sinus arrest. 
Periodic absence of p waves can be indicative of SA block 2°. 



1 .3 Exit Bloc k or Sinoatrial Block 

See ECG 22.3. SA block is a conduction block either within the 
sinus node, or between the sinus node and the surrounding 
fibers that normally conduct the sinus impulse to the atria and 
the atrioventricular (AV) node. Obviously in cases with episodes 
of ventricular asystole, the AV junction is also involved, because 
an AV junction escape rhythm does not arise. As in AV block, SA 
block is subdivided into SA block 1°, two or three forms of SA 
block 2°, and complete SA block. Commonly only the SA block 
type 2° with 2 : 1 or 3 : 1 block are diagnosed in the routine ECG 
or by Holter or monitor stripe. Longer episodes of complete SA 
block cannot be distinguished from sinus arrest. 

14 Bradycardia-Tachycardia Variant 

See ECGs 22.4 and 22.5. We find changes from bradycardic 
episodes (sinus arrest, SA block, sinus bradycardia) to episodes 
of tachycardia, including salvos of atrial premature beats, gen- 
erally irregular atrial tachycardia, atrial flutter, atrial fibrilla- 
tion and, rarely, AV nodal re-entry tachycardia. Episodes of 
tachycardia generally occur as a reaction to bradycardia or are 
induced by atrial premature beats. Isolated atrial fibrillation is 
in most cases a consequence of a hemodynamic overload or, in 
older people, of fibrosis of the left atrium. Let us remember that 
the sinus node is situated in the right atrium. Atrial fibrillation 
in chronic and acute cor pulmonale is rare indeed. There are 
cases, however, where atrial fibrillation represents a clinically 
important component of the sick sinus syndrome. 

Often several signs of the sick sinus syndrome are 
detectable in the same patient (ECG 22.5). 
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1.5 AV Node and Bundle Branches 

In many cases the AV node and in some cases the bundle 
branches are involved in the disease, with two consequences. 
Firstly, the AV node often fails to act as an escape pacemaker 
during episodes of SA block or sinus standstill. Secondly, an 
additional AV block of all degrees and a bundle-branch block 
are present in about i6% of cases of sick sinus syndrome. The 
progression to complete AV block is 2.6% per year. 

? Clinkal Sign^cance 

The diagnosis of sick sinus syndrome is made on the basis of 
the EGG abnormalities mentioned above. The clinical signifi- 
cance of sick sinus syndrome depends on the severity of symp- 
toms, such as palpitations, impaired work capacity, dizziness, 
presyncope, and syncope. Before therapy is performed, the cor- 
relation between the symptoms and the EGG abnormalities 
should be confirmed. Ambulatory EGG is the best diagnostic 
method; other parameters, such as electrophysiologic testing 
(determination of the sinus node recovery time (SNRT)) are 
not as reliable as previously thought. 

The sick sinus syndrome may be a very capricious disease, 
with multiple attacks within a short time on one hand, and 
long normal intervals on the other. Thus the results of ambula- 
tory EGGs may be falsely negative. In cases of doubt, long-term 
ambulatory monitoring for 1 week may be preferable. 

3 Prognosis and Complications 

The sick sinus syndrome is a chronic disease with a more or 
less rapid progression. The eventual episodes of syncope are 
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5 Prevalence and Etiology 

The first monograph about the syndrome was published in 
1974 by Mary Irene Ferrer, the Queen of the sick sinus syn- 
drome [1]. The sick sinus syndrome is a fascinating disease that 
is based on the abundance and capricious behavior of arrhyth- 



generally shorter than those that occur in the presence of com- 
plete AV block with asystolic episodes. The most important 
complication of the disease is a cerebral stroke^ especially in 
cases associated with atrial fibrillation. A stroke is best pre- 
vented by oral anticoagulation. 

Gompared to chronic (especially infra-His) complete AV 
block, the chance for survival is much better in the sick sinus 
syndrome. Survival in symptomatic sick sinus syndrome is 
impaired by stroke, heart failure, and complications of associ- 
ated GHD. 

4 Therapy 

Drug therapy is a problem for patients with bradycardia and is 
impossible in cases of the bradycardia-tachycardia variant. A 
pacemaker is implanted in patients who have symptoms plus 
EGG abnormalities (dual chamber or atrial inhibited pacing in 
younger patients). Pacing generally eliminates many symp- 
toms, thus improving quality of life, but does not significantly 
affect survival. In the bradycardia-tachycardia variant, antiar- 
rhythmic drugs must be added to avoid tachycardic episodes. 
One or two episodes of cardiac asystole that occur in patients 
in the first days after a heart operation (or during or shortly 
after other operations) only rarely correspond to a diseased 
sinus node. They are mostly caused by enhanced vagal tone 
(EGG 22.6) and they disappear spontaneously. Temporary pac- 
ing is only needed in exceptional instances. 



mic manifestations, on difficulties in finding the true diagno- 
sis, and on the varied etiology. 

Excluding the countless patients in the ‘third world’, the 
worldwide prevalence of symptomatic sick sinus syndrome 
can be estimated by the number of pacemakers implanted; this 
was 569 000 in 1997 and 601 000 in 1998. The sick sinus syn- 
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drome accounts for about 50% of pacemaker implantations. In 
about 300 000 patients a year, therefore, a symptomatic syn- 
drome is diagnosed and treated with a pacemaker. 

For unknown reasons, sick sinus syndrome occurs twice as 
often in women. 

In practice, the definitive etiology often remains unknown. 
If there are no signs of CHD or cardiomyopathy of another eti- 
ology, the most frequent histopathologic finding is a degenera- 
tive fibrotic process that involves the fibers of the sinus node 
and its transitional cells, which can expand to the atrial fibers, 
the AV node, and even the bundle of His and its ramifica- 
tions [2,3]. CHD is also a common cause for sick sinus syn- 
drome that may be chronic or acute. The acute and generally 
reversible type is occasionally encountered in acute inferior 
myocardial infarction (MI). The sinus node has a potentially 
doubled coronary supply, with a dominant artery arising from 
the proximal right coronary artery and a ‘reserve’ artery aris- 
ing from one of the great branches of the left coronary 
artery [4]. This guarantees the restoration of normal sinus 
node function within hours or a few days after inferior MI. 
Other etiologies include hypertensive and hypertrophic car- 
diomyopathy and, in rare cases, acute myocarditis, rheumatic 
heart disease, congenital heart disease (especially after 
Mustard operation for transposition of the great arteries), 
mitral valve prolapse, connective tissue diseases, myxedema, 
amyloidosis, hemochromatosis, scleroderma, and muscular 
dystrophy. Metastatic involvement of the sinus node in malig- 
nant tumors has been described, as well as the very rare famil- 
ial version of the syndrome [1,5-7]. 

6 Pseudo versus True Sick Sinus 

Syndrome 

Some EGG manifestations may be misinterpreted as true sick 
sinus syndrome. 

6.1 Influence of Drugs 

Drugs as beta-adrenergic blockers, digitalis, verapamil, dilti- 
azem [8] and amiodarone [9] may lead to transient sinus node 
dysfunction or may unveil a hitherto silent sick sinus syndrome. 

6.2 Abnormal Vagal Reaction After 
Invasive Procedures 

Sinus bradycardia and even complete cardiac asystole lasting 
several seconds have occasionally been seen after heart opera- 



tions and other operations or investigative procedures. These 
can occur with or without a longer decrease in blood pressure. 
In some cases neurovasal syncope occurs. The patient is usual- 
ly observed on a monitor, and the problem normally resolves 
after atropine therapy, hydration, and/or ‘antishock position’. 
The cause is an abnormal vagal reaction to pain, to aspiration 
of bronchial secretion, or to unknown agents. In these cases, 
true sick sinus syndrome can be detected only rarely. 

Short Story/Case Report 1 

A 68-year-old man had a sudden asystole while sitting on a 
chair, 36 h after an aortocoronary bypass operation. The 
nurse was alerted by the monitor and hurried to the patient 
who told her that he had probably slept for a moment. BCG 
stripe: sinus rhythm (mimicking atrial flutter) at a rate of 
105/min. Sudden sinus arrest, first escape beat after > 9.7 sec. 
After another short pause, sinus rhythm arose again (ECG 
22.6). The patient was monitored for 48 h, then two Holler 
ECGs were performed. No other asystole occurred and the 
patient was dismissed without electrophysiologic investiga- 
tion and without a pacemaker. He was well 4 years later but 
was lost to follow-up. 

This case is extraordinary not only because of the long 
cardiac standstilL During vagal maneuvers (aspiration of 
tracheal secretion) the patient had no bradycardia* However, 
when sitting calmly on a chair sudden asystole occurred; the 
cause is not clear* An ECG artifact can be excluded by a dis- 
creet ‘warming- up phenomenon* of the sinus node after the 
long pause and the occurrence of a second (short) pause. In 
view of the favorable outcome, the single episode of cardiac 
asystole corresponds to ‘pseudo sick sinus syndrome*, 
despite the prolonged cardiac standstill. 

6,3 Excessive Sinus Bradycardia in 
Athletes 

Athletes generally have sinus bradycardia at rest, occasionally 
at a rate of 25-30/min. In rare cases, an AV nodal or even ven- 
tricular escape rhythm is present. On exercise the sinus rate 
increases adequately. True sick sinus syndrome is extremely 
rare [10]. 

6 A Atrial Premature Beats with AV Block 

The pattern of AV blocked atrial premature beats (APBs) may 
imitate an SA block, especially if the premature p wave is hid- 



381 



The Full Picture 




den within the T wave. Precise analysis of the ECG, in most 
cases ambulatory ECG, allows the correct diagnosis to be made 
(ECG 22.7). 

6.5 'Laboratory' Sick Sinus Syndrome 

In a few patients without any symptoms related to sinus node 
dysfunction, electrophysiologic investigation reveals electric 
characteristics that are typical of sick sinus syndrome, such as 
prolonged sinus node recovery time (SNRT) and sinoatrial 
conduction time (SACT). These patients should not receive a 
pacemaker although clinical control is needed. The develop- 
ment of symptomatic sick sinus syndrome within months or 
years is possible. 

6.6 Sinus Nodal Re-entry Tachycardia 

Although the sinus node is involved in sinus nodal reentry 
tachycardia, this arrhythmia is not common in patients with 
sick sinus syndrome. It occurs in every age group, often in oth- 
erwise healthy individuals, and generally with a rate of about 
130/min (80/min to 200/min!) [11]. This arrhythmia is often not 
diagnosed. Severe symptoms are rare however. 

7 Hypersensitive Carotid Sinus 
Syndrome 

With the postmicturition syndrome, ‘swallow syncope’, and 
other conditions, the hypersensitive carotid sinus syndrome 
belongs to the great family of neurally mediated syncopal syn- 
dromes [12]. The carotid sinus syndrome is found in older 
patients and is often associated with CHD [13]. Two types can 
be distinguished, cardioinhibitory and vasodepressor types, 
and they may be combined. 

The mechanisms of carotid sinus syndrome include abnormal 
vagal function, baroreflex hypersensitivity, and hyper-respon- 
siveness to acetylcholine. Rarely, the hypersensitive carotid sinus 
syndrome and the sick sinus syndrome are combined. 

7.1 Cardioinhibitory Type 

The cardioinhibitory type is defined as ventricular arrest of 
3 sec or more that occurs spontaneously or after carotid sinus 
massage. The ventricular pause is more often due to sinus 
arrest or to SA block (absence of QRS and p; ECG 22.8) than to 
sinus or atrial rhythm with complete AV block without AV 
junctional or ventricular escape rhythm (absence of QRS com- 



plexes and presence of p waves, ECG 22.9). Longer ventricular 
pauses lead to presyncope and syncope and are generally treat- 
ed with a pacemaker, usually dual-chambered. Asymptomatic 
patients, especially older ones, with cardiac arrest of 3 sec or 
more, provoked by carotid sinus massage, should not be fitted 
with a pacemaker. 

7.2 Vasodepressor Type 

The vasodepressor type (vasodepressor carotid sinus hyper- 
sensitivity) is characterized by a decrease of systolic blood 
pressure of more than 30-50 mmHg, without rhythm distur- 
bance, after carotid sinus massage. Symptomatic patients are 
treated with sodium retaining drugs and elastic support hose, 
and in some cases with radiation or surgical denervation of the 
carotid sinus. 

8 Symptoms and Complications 

Frequent symptoms include decreased exercise tolerance, dizzi- 
ness, short blackouts, and palpitations. Occasionally, paroxys- 
mal dyspnea, angina, or heart failure are encountered. It is 
interesting that the symptoms (even a stroke) may precede by 
years the moment of diagnosis or pacemaker implanta- 
tion [14]. Because arrhythmias and symptoms often occur at 
wide intervals, diagnosis is often impossible on the basis of one 
Holter ECG. It is preferable to use an event Holter registration 
over 1-2 weeks, or an ‘implantable’ loop recorder (ILR) [15]. 

The most important complication is cerebral stroke, which 
affects i%-3% per year [16] and is mostly associated with atri- 
al fibrillation, and syncope that affects 40%-/o% of patients. 

9 Electrophysiologic Testing 

The sinus node recovery time (SNRT) and the corrected SNRT 
(CSNRT; i.e. SNRT minus the basic cycle of sinus rhythm 
before atrial pacing) is prolonged to > 525 msec. Prolongation 
of the SA conduction time (SACT) may sustain the diagnosis 
[17]. Today the indication for a pacemaker implantation is sel- 
dom based on electrophysiologic data [18] but on ECG findings 
connected with relevant symptoms. 

10 Therapy 

Earlier publications [19,20] showed a striking reduction in 
complications (especially cerebral stroke) and mortality in 
patients treated with dual-chamber (DDD) pacemakers corn- 
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pared to ventricular inhibited ( VVI) pacing. In later trials, such 
as the CTOPP [21], PASE [22], and MOST [23], these results 
were not confirmed. However, a substantial reduction in symp- 
toms was found, together with a reduction of the pacemaker 
syndrome and improved quality of life, legitimating the use of 
DDD pacing [24]. Associated AV nodal disturbances and major 
intraventricular conduction disorders, such as bundle-branch 
blocks, are found in 16.6% of cases [25] and justify ventricular 
pacing substitution. In younger patients single atrial inhibited 
pacing (AAI) may be preferable. New onset conduction distur- 
bances appear at a rate of 2.6% per year [25]. 

In practice, primary implanted VVI pacing devices have to 
be replaced by DDD devices in a substantial number of 
patients who have annoying symptoms. 

All in all, conservative management is unrewarding. Only 
those patients with bradycardia who refuse a pacemaker 
should receive theophylline [26], with overall modest success. 
Alternatively, pindolol, a beta-blocker with intrinsic sympathi- 
comimetic action, may influence bradycardia favorably [27]. 
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Chapter 22 ECCs 






ECG22.3 

Paper speed 50 mm/sec. Sinus rhythm 92/min. 2 : 1 SA block. In this case the p3-p4 interval exceeds the double preceding p-p intervals by 
55 msec. 




ECG22-4 

AV junctional rhythm (95/min) followed by an episode of sinus arrest (4.3 sec). After one AV Junction escape beat another shorter sinus 
arrest occurs (not shown). 
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£CG22.6 

Short Story/Case Report 1. Continuous stripe. Sinus arrest with an atrial and ventricular pause 





ECG22J 

SR with AV block T and LBBB. AV blocked APB, with the 
p wave detectable within/at the end of the T wave (arrow). 
The p-p interval is almost doubled (minus 55 msec). 
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ECG 22M 

Carotid sinus massage 
leads to decrease of sinus 
rate and atrial standstill 
with ventricular asystole 
during 4.96 sec. The small 
'spikes' during asystole 
correspond to artifacts 
and not top waves. The 
last QRS is incomplete. 




ECG 22.9 

Carotid sinus massage induces complete AV block. After a ventricular asystole of 8.4 sec, two AV junction escape beats arise, and shortly 
later sinus rhythm (not shown). 
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Chapter 23 

Atrioventricular Junctional Tachycardias 



At a Glance 



Some basic mechanisms of atrioventricular (AV) junctional 
tachycardias are presented in this section At a Glance. Why? 
For AV nodal reentrant tachycardia the enormous progress in 
electrophysiology and therapy of arrhythmias can be 
illustrated in an exemplary manner. 

ECG 



activated almost simultaneously. AVNRT is usually introduced 
by an atrial premature beats (APB), often with AV block i°. 

There are two forms of AVNRT, one common and one rare. 
In both types the QRS complex is normal; right bundle-branch 
block (RBBB) aberration is rare. The tachycardia is mostly 
absolutely regular. The rate is between 130 and 240/min, often 
about 180/min. 



There are several types of AV junctional tachycardias. However 
every physician is particularly familiar with one type, the com- 
mon paroxysmal supraventricular tachycardia, correctly called 
AV nodal reentrant tachycardia (AVNRT). (Note that the 
supraventricular (reentry) tachycardia in the WPW syndrome 
is called ‘AV reentry tachycardia’.) 

AVNRT is based on the dual-pathway anatomy of the AV 
node. In a minority of people, these two pathways are used 
functionally in sinus rhythm as well as in AVNRT. 

1 Conduction in Sinus Rhythm 

The sinus impulse is conducted over the fast pathway beta, 
antegradely. At the same time, the sinus impulse is conducted 
antegradely over the slow pathway alpha. However, it is blocked 
because the infra- AV nodal tissue is already activated by the 
sinus impulse over the fast pathway beta and is therefore re- 
fractory (Figure 23.1). 

2 Conduction in AVNRT 

In both pathways retrograde conduction is also possible. 
Under certain circumstances the two pathways are used as a 
reentry circuit, one pathway conducting antegradely, and the 
other retrogradely. The rate of this circuit movement is high, 
between 130 and 220/min, and the atria and the ventricles are 




fast 

pathway beta 






Figure 23.1 



Sinus rhythm 



Dual AV pathway, in sinus rhythm. 
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3 Common Form of AVNRT 

This tachycardia is paroxysmal and is responsible for > 90% of 
AVNRT, and for 50% of all regular supraventricular tachycar- 
dias. The slow pathway (alpha) is used for antegrade conduc- 
tion, the fast pathway (beta) for retrograde conduction 
(Figure 23.2). Therefore, the atria (retrogradely) and the ven- 
tricles (antegradely) are activated practically at the same time. 
Indeed the p waves are completely hidden within the QRS com- 
plexes in about 70% of the cases (ECGs 23.1 and 23.2). There is 
always an opposite p vector, compared to the normal sinus p 
vector, in the frontal plane. The p waves are negative in leads 
III, aVF and often II, if they are not hidden within the QRS 
complex. In about 10% the p waves are superimposed at the 
end of the QRS complex and are detectable as pseudo-s waves 
in the inferior leads aVF and III and/or as pseudo-r* waves in 
lead Vj, imitating incomplete RBBB (ECGs 23.3a-b). In about 
20% the p wave immediately follows the QRS complex and is 
visible within the ST segment or at the beginning of the T wave 



(EGG 23.4) The RP interval is always shorter than the PR inter- 
val (RP < PR). 

The beginning (commonly induced by an APB) and end of 
an episode of paroxysmal AVNRT are sudden (Tight-switch 
effect’) and are felt by most people who are otherwise general- 
ly healthy. 

4 Rare Fomi of AVNRT 

This tachycardia may be paroxysmal or incessant (lasting many 
hours or days) and is responsible for only 5% of AVNRT. The rare 
form of AVNRT occurs more likely in heart disease. As the fast 
pathway (beta) is used antegradely and the slow pathway (alpha) 
retrogradely, the retrograde activation of the atria occurs later 
(Figure 23.3). Consequently the negative p waves in the inferior 
leads aVF and III are often detectable, relatively late after the 
QRS complex. The RP interval is longer than the PR interval 
(RP > PR) (ECG 23.5). The incessant form is often resistant to 
drugs and may lead to heart failure after days or months. 











Common Type of AVNRT 
(p waves hidden within the QRS) 



Rare Type of AVNRT 
(p waves late after QRS t ) 



Figure 23.2 

In the common type of AVNRT the slow pathway alpha is used ante- 
gradely, and the fast pathway beta retrogradely. 



Figure 23.3 

In the rare type of AVNRT the fast pathway beta is used antegrade- 
ly, and the slow pathway alpha retrogradely. 
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5 Differential Diagnosis 

Theoretically, differential diagnosis includes all other forms of 
AV junction tachycardias and also atrial flutter and AV reentry 
tachycardia in the Wolff-Parkinson- White (WPW) syndrome. 
In practice the other types of AV junctional tachycardias 
(accelerated AV nodal rhythm, automatic junctional tachycar- 
dia, permanent junctional reciprocating tachycardia) are so 
rare, especially in adults, that only atrial flutter and AV reentry 
tachycardia in WPW syndrome are considered. 

5.1 Atrial Flutter 

Especially in flutter type 2 (with 1 : 1 or 1 : 2 AV conduction) the 
flutter waves are often not clearly detectable. Vagal maneuvers, 
especially carotid sinus massage, may enhance AV block and 
demask the flutter waves. In contrast, vagal maneuvers in 
AVNRT interrupt the tachycardia or have no effect. In sinus 
tachycardia with a high rate, carotid sinus massage slightly 
decreases the rate for a short time. 

SJ2 AV Reentry Tachycardia in the WPW 
Syndrome 

As in the rare type of AVNRT, in the common WPW tachycar- 
dia the atria are activated with some latency, due to the longer 
conduction distance from ventricle to atrium. Thus the p waves 
appear after the QRS, usually with RP < PR. Furthermore, as in 
the rare form of AVNRT, RP > PR may be present. In AV reen- 
try tachycardia in the WPW syndrome only one limb of the 
dual AV conduction is used (mostly the fast one, antegradely), 
the other part of the reentry circuit is the accessory pathway^ 
distant from the AV node (mostly with retrograde conduction). 
The majority of people with WPW syndrome during sinus 
rhythm show a shortened PQ interval with the typical delta 
wave and more or less altered QRS and repolarization 
(Chapter 24 The WPW syndrome). 

The previous remarks about differential diagnosis based on 
the ECG and especially on the behavior of the p wave, are the- 
oretical to a certain degree. Every experienced cardiologist 



knows the obvious difficulties. In supraventricular tachycar- 
dias, especially at a high rate (and also without aberration), the 
p waves are often not detectable. In addition, an accessory 
pathway in the WPW syndrome may be occult during sinus 
rhythm. In fact, it is often impossible to differentiate between 
AVNRT, AV reentry tachycardia in the WPW syndrome, and 
even atrial flutter (with 1 : 1 or 1 : 2 AV conduction). In these 
cases an electrophysiologic investigation is mandatory for 
diagnosis (and of course for therapy). 

53 Aberration 

In the case of aberration (in general with RBBB pattern) a ven- 
tricular tachycardia may be assumed, especially on the basis of 
a monitor lead. However, aberration often occurs only during 
the first 3 to 10 beats (ECG 23.6a). ECG 23.6b shows LBBB aber- 
ration in the same patient. The different ECG signs in 
supraventricular tachycardias with RBBB or LBBB aberration 
(SVTab) and ventricular tachycardia (VT) are extensively dis- 
cussed in Chapter 26 Ventricular Tachycardia. 

6 Symptoms of AVNRT (Common Fomi) 

Symptoms depend especially on the duration of the tachycar- 
dia. In general the episodes last minutes or up to an hour, and 
in exceptional cases they can last for many hours. Most patients 
suffer from tiresome palpitations and many patients feel the 
fast rate in the neck. This is due to the contraction of the right 
atrium against a closed tricuspid valve that provokes visible 
pulsation of the external jugular veins (‘a waves’). 

7 Clinical Significance of AVNRT 
(Common Fonn) 

A high rate and/or a long duration of AVNRT may lead to dizzi- 
ness, presyncope, and occasionally syncope. Although the 
tachycardia is never directly life-threatening, it may be delete- 
rious in situations like swimming or mountain climbing (if 
tachycardia is associated with enhanced sympathetic tone). 
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8 Etiology and Prevalence 

Generally the common type of AVNRT is encountered in 
younger individuals with an otherwise normal hearty whereas 
the rare form is more often associated with heart disease [1-3]. 
It has been estimated that the common form of atrioventricu- 
lar nodal reentrant tachycardia (AVNRT) is about eight times 
more frequent than all other AV tachycardias. The uncommon 
or atypical form of AVNRT (with RP > PR) is rare. Accelerated 
AV junctional rhythm, in its various forms, is not as rare. 
Automatic junctional tachycardia and the permanent form of 
junctional reciprocating tachycardia (also with RP > PR) are 
very rare, especially in adults. 

ECG Special 

9 Special Types of AV Junctional 
Tachycardias 

9.1 Accelerated AV Junctional Rhythm 

This rhythm was formerly called ‘nonparoxysmal junctional 
tachycardia’ [4]. Generally the rate is about 70-100/min (thus 
not fulfilling the definition of tachycardia) and rarely reaches 
130/min. This may be the reason why the arrhythmia is some- 
times not correctly diagnosed. The mechanism is enhance- 
ment of focal impulse discharge in the AV junction. In its sim- 
ple presentation, the rhythm looks like an AV junctional escape 
rhythm, with a higher rate. It is seen more frequently in acute 
myocardial infarction (AMI) (especially of inferior localiza- 
tion) and after heart operations than it is in digitalis intoxica- 
tion; it mostly indicates a heart disease. The arrhythmia may 
be complex due to different behavior of retrograde AV conduc- 
tion and rarely due to antegrade incomplete or complete exit 
block. In retrograde exit block AV dissociation occurs, general- 
ly with a faster AV rate than the atrial (sinusal) rate. In the case 
of a wide QRS due to aberration, differentiation from acceler- 
ated idioventricular rhythm is difficult. Ventricular capture 
beats or fusion beats favor the latter diagnosis. 

9.2 Automatic Junctional Tachycardia {AJT} 

AJT is rare, based on enhanced automaticity in the AV junc- 
tion, and is mostly associated with organic heart disease. The 



rate is between 120 and 220/min. In contrast to AVNRT, consid- 
erable changes in rate within a short time are common and 
occasionally there is an irregularity from beat to beat. 
Moreover, concomitant AV dissociation is more common than 
retrograde atrial activation (eventually with AV block 2°). 
Occasional ventricular capture may occur. AJT is resistant to 
vagal maneuvers [3]. 

9.3 Permanent Junctional Reciprocating 
Tachycardia (PJRT) 

PJRT is often classified as a variant of the WPW syndrome, 
with an accessory pathway, but without delta wave. PJRT is also 
rare. The rhythm is regular, the rate is 130-220/min. The mech- 
anism is ‘between’ that of AVNRT and that of AV reentry tachy- 
cardia in the WPW syndrome. In fact there is a circular move- 
ment with antegrade conduction over the AV node and retro- 
grade conduction over a special perinodal pathway with decre- 
mental properties [5]. 

As in the uncommon type of AVNRT, and in AV reentry 
tachycardia in the WPW syndrome, the p waves can be detect- 
ed clearly after the QRS. Thus the three arrhythmias cannot 
always be distinguished in the routine ECG. An irregular 
rhythm and AV dissociation strongly favors AJT. The absence 
of a delta wave in sinus rhythm favors AJT or PJRT, the pres- 
ence of a delta wave allows the diagnosis of AV reentry tachy- 
cardia in WPW. In the (rare) cases with aberrant conduction 
(mostly RBBB) even the differentiation between supraventric- 
ular and ventricular origin of the tachycardia may be very dif- 
ficult or impossible. 

The following case report shows that also in a tachycardia at 
a moderate rate the ECG may be misleading. 

Short Story/Case Report 1 

In March 2001 an anxious 25-year-old woman was seen at 
the emergency unit for palpitations. Her general state was 
normal with the exception of a slight fever. The ECG showed 
a supraventricular tachycardia at a rate of 126/min 
(ECG 23.7a}. The diagnosis of AVNRT was made, because 
negative p waves were supposed in lead II and aVF in the 
ST/T segment (arrows). Therapy was postponed in view of 
the relatively low rate of tachycardia. One hour later the 
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patient had calmed down, the pulse rate was now loz/min, 
and the ECG revealed a sims rhythm, with AV block i® 
(EGG 237b). Retrospectively, the correct diagnosis should 
have been made already in lead of the BCG 237a where 
the negative deflection cannot be a T wave but represents a 
p wave. Mononucleosis was diagnosed later. 

10 Prognosis 

Sudden death in AVNRT is very rare. Wang et al [6] studied 290 
patients with aborted sudden death. Thirteen of these patients 
(4.5%) had documented or strong presumptive evidence of 
supraventricular tachycardia that deteriorated into ventricular 
fibrillation; six had an accessory pathway, four had atrial fibril- 
lation with enhanced AV conduction, and three had AVNRT 
(and nothing else? Remark of the author of this book). General 
opinion is that prognosis is good. 

1 1 Therapy of AVNRT (Common Form) 

Acute intravenous drug therapy is not without danger. The 
drug most often used is adenosine. However some precautions 
should be taken, as for instance a reduction of the dose using a 
central venous catheter [7,8]. Verapamil, formerly widely used, 
is potentially dangerous. Too rapid injection (within seconds) 
may induce a long-standing asystole, in this case requiring 
immediate heart massage and calcium intravenously, the latter 
effectual only with latency. In patients with supraventricu- 
lar tachycardias and the Wolff-Parkinson- White syndrome the 
drug may induce ventricular fibrillation (see chapter 24 The 
WPW syndrome). Verapamil should only be used with great 
caution. It may be effectual a thousand times, in case 1001 it 
may be deleterious. 

The author's experience with other drugs such as flecainide 
(contraindicated in patients with reduced ventricular function 
and renal failure), beta-blockers, amiodarone and other 



antiarrhythmic drugs is very restricted, in the therapy of 
AVNRT. In a patient with AVNRT resistant to the first drug, 
electroconversion is the preferred therapy [3]. Vagal maneu- 
vers such as the Valsalva, and carotid massage, end the tachy- 
cardia in less than 40% of attempts. 

Oral drug prophylaxis remains problematic. Catheter- 
induced radiofrequency ablation is used for AVNRT and trou- 
blesome or severe symptoms, and a first attempt is successful 
in nearly 95%. Generally the distal part of the slow pathway is 
interrupted. This curative therapy has caused a considerable 
reduction in urgent home visits by physicians, especially dur- 
ing the night. 

1 2 Therapy of the Other Types of AV 
Junctional Tachycardias 

The therapy of the other types of AV junctional tachycardias 
depends on the mechanism of the arrhythmia. 
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ECG23*1 

53 y/f. Otherwise healthy heart. AVNRT, rate 131/min, without visible retrograde atrial activation (no 
detectable p waves). 
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ECG23.2 

22 y/m. Otherwise healthy heart. AVNRT, rate 1 58/min. 
No detectable p waves. 
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ECG 23.3a ECG 23.3 b 

28 y/f. Otherwise healthy heart. ECG: AVNRT, rate 1 73/min. The negative p waves Same patient. Sinus rhythm. The S waves in the infe- 

are seen at the end of the QRS complex in II, aVF and III, formally broadening the rior leads are small, the pseudo-r' in lead has dis- 

S waves. Positive p wave after R in aVL. Moreover p is seen as a positive deflection appeared, 
in V^, mimicking an r' wave (see arrows), as in the pattern of incomplete RBBB. 

Compare with ECG 23.3b of the same patient in sinus rhythm. 
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ECG 21A 

44 y/f. Hypertension. Moderate dilating car- 
diomyopathy. ECG: AVNRT, rate 126/min.The 
negative p waves are seen in the inferior 
leads and in all precordial leads, at the 
beginning of the T wave (the negative 
p waves in V^/V 2 are unusual). Pathologic 
QRS configuration. 
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ECG 23.5 

32 y/m. Otherwise normal heart. ECG: AVNRT, rare type, rate 1 18/min.The p waves (negative in lll/aVF and positive in 
V^) are seen after the T wave (RP > PR), see arrows. 
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ECG 23M 

Same patient. The first beat shows RBBB aberration, the following beats an LBBB aber- 
ration that remains in spite of the decrease of the rate from 194 to 185/min (N = nor- 
mal beats, A = beats with aberration, S = supraventricular beat with RBBB aberration). 







ECG 23.7a 

Short Story/Case Report 1 . Pseudo AVNRT. Arrows: mimicking of retrograde p waves. 
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ECG23Jb 

Short Story/Case Report 1 . With decrease of sinus rate, the p waves appear after the T wave (arrow), confirming sinus 
tachycardia. AV block r.The pattern of incomplete RBBB in lead has disappeared probably because of different 
lead placement. 
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Chapter 24 

The Wolff-Parkinson-White Syndrome 



At a Glance 



Pre-excitation is based on an accessory conduction pathway 
between atrium and ventricle. In the human embryo there are 
three to four atrioventricular (AV) connections. Normally all 
the pathways (except the AV node and His system) undergo 
hypoplasia or fibrosis and lose conduction function. However, 
in about three people out of every 1000 in the population one 
so-called accessory pathway (AP) persists and may support 
antegrade and retrograde conduction. These individuals 
show, constantly or intermittently, an ECG pattern typical of 
pre-excitation, with a shortened PQ interval and a delta wave. 
About 40% of those with an AP suffer from tachycardia, in 
which this pathway is used. The term Wolff-Parkinson-White 
syndrome is used for patients with the pre-excitation/WPW 
pattern associated with AP-reiated tachycardias. 

ECG 

1 Pre-Excitation Pattern (WPW Pattern) 

The pre-excitation pattern or ‘WPW pattern’ is characterized 
by: 

i. a shortened PQ interval (PQ < 0.12 sec) 

ii. typical delta waves 

iii. deformation and prolongation of the whole QRS complex 

iv. alterations of the repolarization. 

The pre-excitation pattern corresponds to ventricular activation 
by atrial impulses, conducted along the ‘AP’ (fusion beats; see 
section 1.2 below), formerly called the bundle of Kent. Thus, the 
impulse 'bypasses' the AV node and is conducted/aster than nor- 
mally to the ventricle (Figure 24.1). As a consequence of pre-exci- 
tation of the ventricles, the PQ interval is shortened and lasts 
0.12 sec or less. Moreover, the abnormal ‘eccentric’ excitation of 



the ventricles leads to a deformation of the whole QRS complex 
and also to alteration of the repolarization. The initial part of the 
deformed QRS is called delta wave, according to its similarity to 
the Greek letter ‘delta’ (ECG 24.1). The delta wave corresponds to 
the pre-excited portion of one or both ventricles. 

1.1 Nomenclature 

The traditional and simple old nomenclature differentiates 
between type A and type B. Type A shows an initially positive 
deflection in leads V^/V^ (corresponding to early activation of 
the posterior left ventricle), type B shows an initially negative 
deflection in V^/V^ (corresponding to early activation of the 
anterior/superior right ventricle). Patterns with a negative delta 
wave in the left lateral leads V^/V^ have been called type C. 




Figure 24.1 

Pre-excitation over the eccentric accessory pathway. 
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The modern classification (see ‘The Full Picture’) considers 
more than a dozen different localizations of the APs. 

The polarity of the delta wave and the configuration of the 
whole QRS complex depends on the localization (site of ori- 
gin and insertion) of the accessory pathway, that may be left- 
sided or right-sided, in the septal region, posterior or anteri- 
or/lateral. Consequently, both delta wave and the following 
part of the QRS may be positive, negative, or biphasic in some 
leads. To a certain degree, the localization of an AP can be 
predicted by the vectors of the delta waves and the QRS. 

1.2 ECG Patterns in Pre-Excitation 

In WPW patients, three different QRS patterns can be seen in 
sinus rhythm: 

i. Most pre-excitation patterns represent fusion beats. The 
ventricles are activated at the same time along the AP and 
the AV node. The QRS configuration depends on the grade 
of activation along the AP and the AV node, respectively. 
The more ventricular tissue is activated along the AP, the 
more similar to the classical pre-excitation pattern the QRS 
complex is (ECG 24.1). The more ventricular tissue activat- 
ed along the AV node, the more normal the configuration of 
the QRS complex (ECG 24.2). Thus, in the case of 90% ven- 
tricular activation along the AV node, the pre-excitation 
pattern may be difficult to detect. We may find an only 
modestly reduced PQ interval, only an ‘abortive’ delta wave, 
and a minor alteration of the whole QRS complex and the 
repolarization (ECG 24.2). Also, the same patient may show 
different grades of pre-excitation in his ECGs, with more or 
less typical pre-excitation. 

ii. In rare cases we find full pre-excitation in sinus rhythm. 
The ventricles are activated exclusively along the AP. The 
ECG pattern is very typical (ECG 24.3). However, full pre- 
excitation is present in antidromic AV reentry tachycardia 
and in some cases with atrial fibrillation. 

iii. In about 30% of WPW patients, the AP conducts only retro- 
gradely. The term ‘concealed AP’ is used. In theses cases the 
PQ interval and the QRS complex are normal and the diag- 
nosis cannot be made on the basis of an ECG, but by elec- 
trophysiologic studies (in patients with paroxysmal 
supraventricular tachycardias). In contrast to the patients 
with manifest WPW pattern and syndrome, these patients 
have concomitant atrial fibrillation in only about 3% (see 
section 2.2 Atrial Fibrillation and ... below). 



1 .3 Differential Diagnosis of the WPW 

Pattern 

1 3.1 Myocardial Infarction 

In more than 50% the WPW pattern leads to pathologic Q 
waves that may be confounded with an old myocardial infarc- 
tion (MI). However, the shortened PQ interval and the delta 
wave suggest the true diagnosis. Moreover, the T waves are dis- 
cordant positive in the leads with pathologic Q waves and not 
concordant negative as usual in old myocardial infarction. 

A complete negative QRS complex (QS) with a negative delta 
wave in leads III and aVF may imitate the pattern of an old 
inferior MI (ECG 24.4). Tall R waves in Vj to V^ suggest poste- 
rior MI (ECG 24.5), whereas the combination of such patterns 
imitates inferoposterior MI (ECG 24.6). Also lateral MI may be 
mimicked (ECG 24.7). In patients with pre-excitation the pres- 
ence of an old infarction is not recognizable in general. The 
pattern of acute MI can occasionally be detected on the basis of 
striking ST elevations. 

1 3 ^ Left Ventricular Hypertrophy 

Not uncommonly pre-excitation enhances the R wave voltage 
(especially in the precordial leads), thus suggesting left ven- 
tricular hypertrophy (LVH) (ECG 24.8). In these cases also the 
strain pattern with asymmetric negative T waves may be 
observed. 

1 33 Pseudo-Delta Wave 

Occasionally a ‘pseudo-delta wave’ is present in leads and 
V^, and/or in the inferior leads, due to projection. In these cases 
the PQ interval and the QRS complex are normal (Chapter 3 
The Normal ECG and its (Normal) Variants). 

2 Tachycardias in the WPW Syndrome 

2.1 Reentry Tachycardias 

The typical tachycardias in the WPW syndrome are based on a 
macro-reentry using the AP and the AV node. Two types are 
distinguished: 

i. In > 90% the impulse is conducted retrogradely along the 
AP and antegradely along the AV node (Figure 24.2a). This 
type is called AV orthodromic reentrant tachycardia. 
Consequently, the QRS is normal (in the absence of an addi- 
tional bundle-branch block) and a delta wave is always 



406 




Figure 24.2a 

Orthodromic tachycardia. 




Figure 24.2b 

Antidromic tachycardia. 



missed (ECG 24.9). The distinction from AV nodal reen- 
trant tachycardia is often not possible without electrophys- 
iologic investigation. A negative p wave in lead V^, shorten- 
ing of the R-R interval in the case of disappearing ipsilater- 
al bundle-branch block (BBB) and an RP > PR interval, 
favour WPW syndrome. 

ii. In < 10% the AP is used antegradely and the AV node retro- 
gradely. This type is called AV antidromic reentry tachycar- 
dia (Figure 24.2b). In these rare cases the QRS complex cor- 




Figure 24.2c 

Tachycardia in atrial fibrillation (short refractory period of the 
accessory pathway). 



responds to the typical WPW pattern, a delta wave included 
(ECG 24.10). 

In both antidromic and orthodromic tachycardia the rhythm is 
regular and the rate is between 140 and 240/min (ECG 24.9) 
and occasionally reaches 250/min (ECG 24.11) or even 300/min. 
At rates up to 220/min negative p waves may be detected in the 
inferior leads III and aVF, due to retrograde atrial activation, 
with RP > PR. 

2J. Atrial Fibrillation and Atrial Flutter in 
the WPW Syndrome 

In patients with manifest pre-excitation in the ECG, atrial fib- 
rillation is not rare, and has even been described in children. 

Tachycardias due to atrial fibrillation and atrial flutter do 
not represent a reentry tachycardia (see below). However, these 
arrhythmias are clinically very important, due to possible 
degeneration into ventricular fibrillation, in the case of a very 
short (antegrade) refractory period of the AP. 

Only the AP is used for conduction, antegradely, and there 
is no retrograde conduction over the AV junction 
(Figure 24.2c). Therefore delta waves and wide, deformed QRS 
are present during tachycardia. In atrial fibrillation the ven- 
tricular rhythm is absolutely irregular (ECG 24.12a). 
ECG 24.12b was registered while the patient was being infused 
with procainamide. In ECG 24.12c (after conversion to sinus 
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rhythm) the pre-excitation pattern is scarcely detectable, at 
first glance. 

Atrial fibrillation with pre- excitation must be distinguished 
from monomorphic ventricular tachycardia, where the rhythm 
is regular. Rarely in ventricular tachycardia a slow upstroke of 
wide QRS may imitate a delta wave. 

Ventricular rate in atrial fibrillation or atrial flutter depends 
on antegrade conduction properties of the AR If the refractory 
period is very short, the ventricular rate may reach a rate of up 
to 300/min in atrial fibrillation and in atrial flutter with 1 : 1 
conduction. At these extreme rates, degeneration into ventric- 
ular fibrillation may occur partially due to severely impaired 
coronary perfusion. 

Although only a minority of patients with WPW tachycar- 
dia present a very fast antegrade conduction over the AP, allow- 
ing an extremely rapid ventricular response, the typical EGG 
pattern must be recognized (also for therapeutic reasons). 

23 Therapy 

The majority of patients with the WPW syndrome show symp- 
toms that depend on the duration and the rate (especially) of 
tachycardia. The symptoms include palpitations, dizziness, 
presyncope and syncope. Symptomatic patients should under- 
go electrophysiologic evaluation and catheter ablation (success 
about 95%). In those patients who refuse ablation one has to 



The Full Picture 



In 1913 Cohn and Fraser published the first EGG with ventricu- 
lar pre-excitation in a patient with intermittent tachycardias 
[1]. In 1930, Louis Wolff, John Parkinson and Paul Dudley White 
described 11 patients who suffered from attacks of tachycardia 
associated with a short PR interval and a broad QRS during 
sinus rhythm [2]. This has subsequently been termed the 
Wolff-Parkinson- White (WPW) syndrome. In 1932 Holzmann 
proposed ventricular pre-excitation as the mechanism [3]. The 
WPW syndrome includes a WPW pattern in the EGG associat- 
ed with paroxysmal tachycardia. The WPW pattern refers to 
the presence of pre-excitation without tachyarrhythmias. 



resort to prophylactically active drugs such as fiecainide, 
propafenone, and beta-blockers. For interrupting a WPW 
tachycardia we prefer electroconversion or procainamide. 

2A Therapeutic Pitfalls 

Drugs like digitalis or verapamil not only slow antegrade con- 
duction along the AV node but may accelerate conduction 
along the AP, thus inducing an extremely high ventricular rate 
and degeneration into ventricular fibrillation. Many case 
reports have been published about adverse outcomes of trials 
of tachycardia conversion with these drugs. Digitalis and vera- 
pamil (especially intravenously) are absolutely contraindicated 
in patients with WPW syndrome. 

This is also true for patients in whom a typical AV reentry 
tachycardia in known WPW syndrome (or in WPW tachycar- 
dia misdiagnosed as atrioventricular nodal reentrant tachycar- 
dia, AVNRT) has been interrupted successfully in the past, e.g. 
with verapamil. Such patients may suddenly present atrial flut- 
ter or fibrillation that may be difficult to diagnose in the EGG. 
Let us remember that atrial fibrillation is more frequent in 
patients with WPW than in a population without WPW (life- 
time prevalence up to 32%). Atrial fibrillation may occur dur- 
ing a common regular WPW tachycardia, by enhanced sympa- 
thetic tone, left atrial stretch and impaired coronary flow. 



3 Etiology 

Most patients with the WPW syndrome have otherwise normal 
hearts, but some suffer from concomitant congenital heart dis- 
eases. Approximately 10% of patients with Ebstein’s anomaly 
show the WPW syndrome (the majority of these accessory 
pathways are located in the right free wall and right pos- 
teroseptally) [4]. Other congenital heart diseases associated 
with the syndrome include atrial and ventricular septal 
defects, and coronary-sinus diverticula. In the WPW syndrome 
there is incomplete embryonic development of the process that 
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leads to electric isolation of the ventricles from the atria. The 
precise pathogenesis of this defect is not known. Among the 
patients with the WPW syndrome, 3.4% show a familial form 
that is usually inherited as an autosomal dominant trait [5]. 
MacRae et al found a genetic defect on chromosome 7 in a 
large family with hypertrophic cardiomyopathy and the WPW 
syndrome [6]. In two additional families with the WPW syn- 
drome and familial hypertrophic cardiomyopathy, a probable 
causative mutation was identified in a protein kinase gene on 
chromosome 7 [7]. Defective genes may result in the persist- 
ence of accessory conduction pathways that normally regress 
during cardiogenesis. 

4 Anatomy and Localization of 
Accessory Pathways 



may be needed, the eventual proximity of the AP to the His 
bundle must be respected, and the suitable mapping catheter 
can be chosen. 

The localization is based on analysis of the delta wave and 
QRS deflections in a 12-lead EGG that shows maximal pre-exci- 
tation. The reliability of the localization algorithm is decreased 
if pre-excitation is only partial or in the case of concomitant 
structural cardiac abnormalities (e.g. congenital heart disease, 
hypertrophic cardiomyopathy, myocardial infarction, bundle- 
branch block). Furthermore, the coexistence of multiple APs 
may render the localization difficult. 

ECG Special 

4.1 Algorithms 



Based on electrophysiologic studies the accessory pathway 
(AP) may be located anywhere along the AV groove or in the 
septum (Figure 24.3). The most frequent localizations are left 
lateral (50%), posteroseptal (30%), right anteroseptal (10%) 
and right lateral (10%). The analysis of the pre-excited QRS 
allows localization of the AP. The localization of an AP helps 
the planning of radiofrequency ablation. Transseptal puncture 
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Figure 24.3 

Diagram of accessory pathway location. Schematic cross-section of 
the ventricles at the level of the atrio-ventricular valve rings in left 
anterior oblique projection. CS, coronary sinus; Epi, epicardial; HB, 
His bundle; LAL, left anterolateral; LL, left lateral; LP, left posterior; 
LPL, left posterolateral; LPS, left postero-septal; RA, right anterior; 
RAL, right anterolateral; RAS, right anteroseptal; RL, right lateral; 
RMS, right midseptal; RP, right posterior; RPL, right posterolateral; 
RPS, right posteroseptal. 



Several algorithms allow accurate localization of APs [8-10]. As 
mentioned above, it is important to assess the degree of pre- 
excitation first. The next important step is to assess the onset of 
the delta wave. A frequent mistake is failure to recognize the 
very onset of a delta wave when it is isoelectric, and to assess it 
erroneously as negative or positive. In ECG 24.13 the delta wave 
is isoelectric in aVF and the negative deflection in aVF occurs 
60 msec after the onset of the delta wave in the other leads. 
Thus it is important to determine the real onset of the delta 
wave in observing all 12 ECG leads. 

Two elements can be used for classifying AP localization: 

i. the electrical vector of the delta wave itself (the vector of the 
initial 40 msec of the pre-excited QRS) 

ii. the axis of the QRS complexes, mainly the precordial R/S 
transition. 

Left- and right-sided pathways can be differentiated as shown 
in Table 24.1. R larger than S in R/S > 1) indicates a left- 
sided AP (ECG 24.14). If R/S transition (in a pre-excited ECG!) 
occurs between and or later (transition > V^), the AP is 
located on the right side. If the R/S transition occurs after 
and before or at (transition > and < V^), the AP can be 
either left- or right-sided, and further analysis is needed. The 
amplitude of the R and S waves in limb lead I can be assessed: 
R > S by 0.1 mV or more indicates a right-sided AP; R=S or 
R < S in lead I indicates a left-sided AP. A more precise location 
of AP can be derived from further analysis of the delta wave, as 
illustrated in Table 24.2. For example, the polarity of the delta 
wave in the inferior leads can help localizing the AP. Negative 
delta waves in leads II, III and aVF indicate a posterior (inferi- 
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or) location; conversely positive delta waves in the inferior 
leads indicate an anterior (superior) location of the AP 
(ECG 24*i4)‘ 

5 Degree of Pre- Excitation, Latent Pre- 
Excitation and Conceaied Accessory 
Pathway 

The degree of pre-excitation and consequently the degree of 
fusion depends on several factors: 

i. Autonomic tone: sympathetic activation may shorten the 
conduction over the AV node thus decreasing pre-excitation. 



Table 24.1 

Algorithm to localize left-sided versus right-sided accessory path- 
way. 




Table 24.2 

Stepwise ECG algorithm for determination of accessory pathway (AP) location. AS, (right) anteroseptal; LAL, left anterolateral; LL, left later- 
al; LP, left posterior; LPL, left posterolateral; PSMA, posteroseptal mitral annulus; PSTA, posteroseptal tricuspid annulus; RA, right anterior; 
RAL, right anterolateral; RL, right lateral; RP, right posterior; RPL, right posterolateral. Modified from [8] with permission. 
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ii. Refractory period of the AP: if the AP has a long refractory 
period, a conduction block may occur during sinus tachy- 
cardia (ECGs 24.15, 24.16, 24.i7a-b). 
hi. Distance from the sinoatrial node to the atrial insertion of 
the AP: pre-excitation is sometimes absent or discrete when 
the bypass tract is remote from the sinus node (e.g. left lat- 
eral AP) (EGG 24.18), because the normal conduction over 
the AV node reaches the ventricle before a relevant part of 
the left ventricle is pre-excited. Right ventricular free wall 
and septal AP are closer to the sinus node, and their activa- 
tion occurs quickly resulting in marked pre-excitation and 
in a shorter PR interval (ECGs 24.13 and 24.17b). 
iv. Intra-atrial conduction delay: a normal PR interval does 
not necessarily mean pre-excitation through a Mahaim 
fibre (see below). It can occur in the setting of intra-atrial 
conduction delay, particularly if the AP is remote from the 
sinus node. 

V. Rhythm mechanism and heart rate: an ectopic rhythm or 
an ectopic beat may modify the pre-excitation for two rea- 
sons: (a) the portion of pre-excited myocardium is 
increased if the ectopic focus is closer to the bypass tract 
than the sinus node; and (b) because of its decremental 
properties the conduction over the AV node will be slower 
following a premature beat or during an atrial tachycardia 
thus leading to an increase in the degree of pre-excitation. 

Some of these factors can fluctuate in a given patient, account- 
ing for labile pre- excitation or varying degree of pre-excita- 
tion. If the conduction time of the sinus impulse over the AP 
and over the AV node/His-Purkinje system is about the same, 
pre-excitation can be absent or only mild (latent pre-excita- 
tion) and difficult to diagnose (EGG 24.19). In ECGs 24.18 and 
24.19 the absence of small (septal) Q waves in lead V^ is a sign 
for a pre-excitation of the ventricle (absence of initial septal 
depolarization directed rightward). 

Sometimes, conduction over the AP can be demasked; for 
example by increased vagal tone or antiarrhythmic drugs slow- 
ing the AV node conduction (e.g. verapamil, digoxin, beta- 
blockers), or by atrial premature beats. 

APs do not always conduct in both directions, but may con- 
duct in one direction only, either antegradely or retrogradely. 
Concealed AP refers to a bypass tract with conduction only in 
the retrograde direction, thus not leading to ventricular pre- 
excitation. 



6 Repoiarization Abnormalities 

ST segment depression and T wave inversion are usually pres- 
ent in patients with pre-excitation (EGG 24.13). The vectors of 
the secondary ST-T wave changes are usually directed oppo- 
site to the vectors of the delta wave and the QRS complex. ST-T 
changes may mimic changes associated with left ventricular 
strain. ST depressions often increase during stress test and may 
be confused with ischemic related ST depressions 
(EGG 24.20a). 

Following radiofrequency ablation of the AP, T wave inver- 
sion can be seen in the EGG leads exploring the area where the 
AP was localized. EGG 24.20b shows inverse T waves in leads II, 
III and aVF after radiofrequency ablation of a right pos- 
teroseptal AP. This manifestation of cardiac memory (Ghatter- 
jee effect) can persist several days after RE ablation. 

7 Differential Diagnosis 

The EGG pattern displayed by some patients with the WPW 
syndrome may mimic or mask the changes found in other car- 
diac conditions (see also above). A negative delta wave (pre- 
senting as a Q wave) may mimic an MI pattern (EGG 24.4). Pre- 
excitation by a left- sided AP leads to an early precordial tran- 
sition with tall R waves in V^/V^, mimicking an old posterior 
MI (EGG 24.6). Gonversely, in rare cases a delta wave may mask 
the presence of a previous MI. 

The WPW pattern is occasionally seen in alternating beats 
and may suggest ventricular bigeminy (EGG 24.15). Gonversely, 
ventricular bigeminy may be misdiagnosed as intermittent 
pre-excitation (EGG 24.21). If the WPW pattern persists for 
several beats only, the rhythm may be misdiagnosed as an 
accelerated idioventricular rhythm. 

A bundle-branch or fascicular block pattern may some- 
times mimic pre- excitation or make the localization of an AP 
more difficult (EGGs 24.22 and 24.23). 

WPW associated with hypertrophic cardiomyopathy has 
been observed. Pre-excitation may be difficult to diagnose or 
maybe ruled out on the basis of a 12-lead EGG (EGGs 23.i7a-b). 

8 Tachyarrhythmias Associated with 
the Wolff- Parkinson-White Syndrome 

The prevalence of the WPW syndrome, defined as a WPW pat- 
tern in the EGG associated with AP-related arrhythmias, is sub- 
stantially lower than that of the WPW pattern alone. Approxi- 
mately 80% of patients with arrhythmias suffer from atrioven- 
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tricular reentry tachycardias, 15% show atrial fibrillation and 
less than 5% suffer from atrial flutter, atrial tachycardia or atri- 
oventricular nodal reentrant tachycardia (AVNRT). 

8.1 Atrioventricular Reentry Tachycardias 

In these arrhythmias the AP is a substrate for a macro-reen- 
trant circuit, involving the normal AV node, His-Purkinje sys- 
tem, the atrial and the ventricular myocardium. Two forms of 
this type of arrhythmia in the WPW syndrome are ortho- 
dromic and antidromic atrioventricular reentry tachycardia 
(AVRT). These arrhythmias can usually be distinguished by the 
duration of the QRS complex and the presence or absence of a 
pre-excitation. 

8.1^ Orthodromic Atrioventricular Reentry 
Tachycardia 

In orthodromic AVRT the QRS complexes are usually narrow 
because antegrade conduction from the atria to the ventricles 
is via the normal conduction system. The tachycardia is initiat- 
ed by either an atrial or ventricular premature beat. For exam- 
ple, an atrial premature beat can be blocked in the AP, whereas 
the impulse is conducted to the ventricle via the AV node/His- 
Purkinje system, with subsequently conduction of the impulse 
back to the atrium over the AP (EGG 24.24). Thus the polarity 
of the p wave is determined by the location of the atrial inser- 
tion of the AP (EGG 24.25). P waves arise always distinctly after 
the QRS, usually allowing differentiation between AVRT and 
AVNRT (during AVNRT the P wave is hidden within, partly 
merging with or close to the QRS). Because conduction to the 
atria occurs rapidly, the retrograde P wave is closer to the pre- 
ceding QRS than to the following QRS (RP < PR), except in the 
case of slowly conducting AP (see below). The RP interval 
remains constant, regardless of the tachycardia cycle length. 
QRS alternans (beat-to-beat oscillation in QRS amplitude) may 
be present when the rate is very rapid. 

Ventricular aberration is relatively common in AVRT. If there 
is an aberrant ventricular conduction, a typical bundle-branch 
block pattern (right or left BBB) is present (EGGs 24.24 and 
24.26a). Sudden shortening of the cycle length at the onset of the 
tachycardia may lead to phase 3 aberration (the tachycardia cycle 
length is shorter than the refractory period of the AP). While the 
refractory period of the bundle branches rapidly shortens after 
onset of the AVRT, aberrations are usually short-lived (Ashman 
phenomenon, EGG 24.24). If an aberration persists longer, this is 
usually due to concealed retrograde conduction through one of 
the bundle branches (EGG 24.26a). 



When episodes of both aberrant and nonaberrant conduc- 
tion are present during tachycardia, it is interesting to compare 
the tachycardia cycle length under both circumstances. If a 
bundle branch block is on the same side as an AP, the rate is 
slower during aberrant ventricular conduction than during 
nonaberrant conduction, because the depolarization has to 
travel via the controlateral bundle branch and across the sep- 
tum, making the circuit longer. Such a finding is specific for the 
diagnosis of orthodromic AVRT and allows localization of the 
AP. In EGG 24.24, as well as in EGGs 24.26a-b, the rate of tachy- 
cardia is slower during LBBB than with nonaberrant conduc- 
tion. Thus, the diagnosis of an orthodromic AVRT with a ret- 
rograde limb using a left-sided AP can be established. 

Orthodromic AVRT may often be distinguished from 
AVNRT on the basis of the timing of the retrograde p waves. 
However, it may be impossible to differentiate between AVRT 
and atrial tachycardia. 

a«1 .b Antidromic Atrioventricular Reentry 
Tachycardia 

During antidromic AVRT, the antegrade conduction from the 
atria to the ventricles is via the AP, and the retrograde conduc- 
tion from the ventricles to the atria is via the normal nodal 
His-Purkinje conduction system. Thus, the QRS complexes are 
fully pre-excited and the polarity of the QRS onset is the same 
as the delta wave polarity during sinus rhythm. QRS complex- 
es are usually broader than during sinus rhythm and may 
resemble ventricular tachycardia. The width of the QRS and 
the repolarization often obscure retrograde P waves 
(EGG 24.10). 

The initiation of antidromic AVRT by atrial premature 
beats requires that the atrial coupling interval is longer than 
the antegrade refractory period of the AP but shorter than the 
refractory period of the AV node/His-Purkinje system. The 
atrial premature beat is therefore blocked antegradely in the 
AV node but is conducted antegradely via the AP. Antidromic 
AVRT is far less common than orthodromic AVRT and usually 
occurs if AP has a short refractory period or/and if the AP is 
remote from the AV node (left free wall AP). 

8.1 X Permanent Junctional Reentrant Tachycardia 

Permanent (incessant) junctional reentrant tachycardia (PJRT) 
most often occurs in early childhood and is sometimes seen in 
young adults. PJRT is an orthodromic AVRT mediated by a 
concealed AP that has slow and decremental conduction prop- 
erties. The AP is usually localized in the posteroseptal region. 
Slow retrograde conduction over the pathway causes the RP 
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interval during PJRT to be longer than the PR interval. P waves 
resulting from retrograde conduction are inverted in leads II, 
III and aVF (EGG 24.27). Due to long retrograde conduction 
over the AP, the arrhythmia tends to be incessant, with a heart 
rate usually between 120 and 200/min. As a result of the rapid 
rates, some patients with PJRT may present with impaired left 
ventricular function (tachycardia-mediated cardiomyopathy). 
PJRT is often difficult to distinguish from ectopic atrial tachy- 
cardia. 

8.2 Other Tachycardias Associated with 

an Accessory Pathway 

Atrial tachycardia, AVNRT, atrial fibrillation, and atrial flutter, 
as well as ventricular tachycardia, can all coexist with an AP. 
Both AVNRT and atrial tachycardia can use the bystander AP 
to transmit impulses to the ventricle and may result in a pre- 
excited regular tachycardia. In these cases, the arrhythmia can 
not be distinguished from antidromic AVRT without electro- 
physiologic testing. 

Because the AV node has decremental conduction proper- 
ties, antegrade conduction time through the AV node is longer 
during atrial tachycardia or during typical AVNRT than during 
sinus rhythm, whereas the conduction time over the AP will 
remain the same. Consequently, the degree of ventricular pre- 
excitation will increase and the QRS will broaden. 

8^.1 Special Condition: Atrial Fibrillation 

Atrial fibrillation occurs in io%-30% of patients with WPW 
(see above). Most of the patients with pre-excitation do not 
present structural heart disease. Radiofrequency ablation of 
AP may often cure atrial fibrillation. Thus, the AP itself is relat- 
ed to the genesis of atrial fibrillation. 

There are several characteristic EGG findings in patients, 
with a ‘pre-excited atrial fibrillation’ (EGG 24.12a): 

i. there is a completely irregular rhythm 

ii. the QRS complexes are wide, resembling those seen during 
sinus rhythm, with many beat-to-beat variations in the 
degree of fusion in some cases (EGG 24.12b) 

iii. moreover, some QRS complexes may even be normal. 

The degree of fusion or pre- excitation is not just related to the 
R-R interval, which means it is not only a rate-related phe- 
nomenon. This may result from concealed retrograde conduc- 
tion into the AP or the AV node. 



The shorter the refractory period of the AP, the more rapid 
is AV conduction. If the AP has a very short refractory period 
there is a risk that the ventricular rate will be very rapid and 
will degenerate into ventricular fibrillation. 

Atrial flutter does not have the same causal association with 
accessory AV connections as AF and is rarely seen in patients 
with a WPW pattern. The ventricular rate is related to the AP 
refractory period. If the AP refractory period is short, 1 : 1 AV 
conduction over the AP can occur during atrial flutter. Atrial 
flutter with 1 : 1 AV conduction may be difficult to distinguish 
from ventricular tachycardia. 

8.3 Ventricular Fibrillation and Sudden 
Death 

If the AP has a very short antegrade refractory period 
(< 250 msec), a rapid ventricular response can occur during AF. 
Ventricular rates over 300/min may degenerate into ventricular 
fibrillation. 

Drug therapy with agents slowing the AV node (especially 
digitalis and verapamil) may increase the risk of ventricular 
fibrillation in patients with pre-excitation. 

9 other Accessory Con nections 

The anatomic substrate for the classic pre-excitation is a 
bundle of myocytes that bridges the AV junction (bundle of 
Kent). Several other conducting pathways have been described 
(Figure 24.4), including: 

i. Mahaim fibres of several types (fasciculoventricular, nodo- 
ventricular, atriofascicular, or atrioventricular) (see section 9.1) 

ii. James fibres connecting the atria with the low AV node or 
with the bundle of His. 

9.1 Mahaim Fibre and Mahaim 

Tachycardias 

In 1937, during pathologic examinations of a heart, Mahaim 
and Benatt identified islands of conducting tissue extending 
from the His bundle tissue into the ventricular myocardium 
(fasciculoventricular connections) [11]. The expression 
‘Mahaim fibre’ was subsequently expanded to include connec- 
tions between the AV node and the ventricular myocardium 
(nodoventricular fibres), and later the atriofascicular and atrio- 
ventricular connections with decremental conduction (Fi- 
gure 24.4), [12,13]. The true Mahaim (fasciculoventricular) 
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fibres are encountered exceptionally and are not associated 
with reentry arrhythmias. The nodoventricular connections 
were initially presumed to be responsible for an antidromic 
AVRT with LBBB morphology, called Mahaim tachycardia. 
However, as the fasciculoventricular fibres, these nodofascicu- 
lar fibres turned out to be extremely rare. The anatomic sub- 
strate for this LBBB morphology tachycardia (Mahaim tachy- 
cardia) was later found to be a slowly conducting atriofascicu- 
lar or atrioventricular AP with decremental conduction prop- 
erties (conduction slowing at faster heart rates). 

Histologic examination of tissue from patients treated sur- 
gically demonstrated an AP with features similar to normal AV 
nodal tissue. The presence of nodal tissue in the AP may 
account for the decremental properties seen in this type of 
Mahaim fibre. Therefore, this type of AV connection with 
decremental properties has been referred to an accessory AV 
node. In fact, ‘accessory AV nodes’ with a right lateral or antero- 
lateral localization have been described more recently. 

Thus, the modern definition of Mahaim fibres includes two 
types of decremental right-sided APs (both arising from the 
atrial side of the tricuspid annulus but with different ventricu- 
lar insertions), that may be responsible for Mahaim tachycar- 
dias [12,13]. In contrast to the WPW syndrome there is no delta 
wave with Mahaim fibre conduction. 

The ECG at rest in patients with Mahaim fibres is usually 
normal, without pre-excitation. This is due to preferential ven- 
tricular activation via the AV node at normal heart rates at rest. 
Furthermore, some Mahaim fibres have decremental conduc- 
tion similar to the AV node and conduction over the fibre will 
be slower with enhanced vagal tone or after an atrial ectopic 
beat. The antegrade conduction over the Mahaim fibre may 
become apparent only during incremental atrial pacing. 

The usual arrhythmia in patients with a Mahaim tachycar- 
dia is a reentrant tachycardia using the Mahaim connection as 
the antegrade limb, and the AV node as the retrograde limb of 
the circuit [14]. Mahaim fibres can also function as a 
bystander pathway, conducting an impulse antegradely during 
an AV nodal reentrant tachycardia, atrial fiutter, or atrial 
tachycardia. 

Several conditions have been associated with Mahaim 
fibres, particularly other APs. Approximately 40% of the 
patients with Mahaim fibres have other accessory AV connec- 
tions or dual AV nodal pathways. Mahaim fibres are also asso- 
ciated with Ebstein’s anomaly. The typical ECG during Mahaim 
tachycardia shows a wide QRS tachycardia with fairly typical 
LBBB morphology, because the antegrade limb inserts into or 
near the right bundle branch (ECG 24.28). 




Different varieties of conducting bypass tracts. Arrows indicate the 
direction of propagation. (4) and (5) are extraordinarily rare. 1a) 
bundle of Kent; 1b) concealed accessory pathway (Kent); 2) atrio- 
fascicular fibre (Mahaim); 3) atrioventricular fibre (Mahaim acces- 
sory AV node; see text); 4) true Mahaim fibre; 5) James fibre. RA, 
right atrium; LA, left atrium; RV, right ventricle; LV, left ventricle; 
HB,His-bundle. 

92 Lown-Ganong-Levine Syndrome 

A short PR interval (< 0.12 sec) without ventricular pre-excita- 
tion and associated with paroxysmal tachycardias has been 
termed as the Lown-Ganong-Levine (LGL) syndrome. LGL was 
thought to be due to an AP called James bundle, which would 
link the atrium to the His bundle and bypass the normal AV 
node. Due to the fast conduction velocity over the AP, the 
impulse would reach the His-Purkinje system and ventricles 
before the activation via the AV node and without affecting the 
QRS complex morphology. However, the existence of an atrio- 
hissian AP was not clearly demonstrated. Today it is thought 
that the majority of patients with short PR interval, paroxys- 
mal tachycardia and no pre-excitation show AVNRT in the set- 
ting of an enhanced conduction velocity over the AV node. 

10 Therapy of the WPW Syndrome 

Patients with the WPW syndrome are treated because of symp- 
tomatic arrhythmia on one hand, or because of the risk of a 
life-threatening arrhythmia on the other. 

10.1 Acute Termination of Tachycardia 

Manoeuvres that increase vagal tone and depress AV nodal 
function, such as carotid sinus massage and the Valsalva 
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manoeuvre, may be sufficient to cause AV nodal block and thus 
terminate the tachycardia. If these procedures fail, intravenous 
adenosine is the drug of choice to terminate orthodromic 
AVRT. The drug of choice for antidromic AVRT is intravenous 
procainamide. In countries where procainamide is not avail- 
able, adenosine or ibutilide may be alternative drugs. 
Antidromic AVRT can also degenerate into atrial fibrillation 
following drug administration, especially adenosine. Because 
APs supporting antidromic AVRT usually have short antegrade 
refractory periods, the ventricular response during pre-excited 
atrial fibrillation may be more dangerous than the primary 
arrhythmia. 

Pre-excited atrial fibrillation may be complicated by ven- 
tricular fibrillation and requires rapid treatment. If the 
patient is haemodynamically unstable, DC cardioversion 
should immediately be performed. If the patient is stable, pro- 
cainamide is the first choice therapy in the USA [15]. Although 
the class Ic antiarrhythmic drug, fiecainide, is efficacious and 
is used in several countries [16], the parenteral formulation is 
not approved for use in the USA. Fiecainide may organize atri- 
al fibrillation into a slow atrial flutter with 1 : 1 AV conduction 
resulting in a very rapid ventricular rate. Furthermore, it may 
cause marked QRS widening at fast heart rates. The most 
interesting drug for termination of pre-excited AF is ibutilide, 
a class III antiarrhythmic drug that is only available for intra- 
venous administration. It prolongs the refractoriness of the 
atrioventricular node, of the His-Purkinje system and of the 
AP. In one series of 22 patients with atrial fibrillation during 
an electrophysiologic study, ibutilide prolonged the shortest 
pre-excited R-R interval and terminated the arrhythmia in 
95% [17]. 

During atrial fibrillation, beats conducted via the AV 
node may be conducted retrogradely to the AP, thereby 
blocking antegrade AP conduction and slowing the ventric- 
ular rate. Thus, all agents slowing AV node conduction with- 
out affecting the refractory period of the AP may increase 
the ventricular rate during atrial fibrillation, thus increasing 
the risk of ventricular fibrillation. They are contraindicated 
in pre-excited atrial fibrillation therefore. Verapamil is the 
most dangerous agent for precipitating ventricular fibrilla- 
tion [18-20]. 

With intravenous verapamil a second mechanism is proba- 
bly involved: hypotension produced by verapamil-induced 
vasodilatation is followed by a sympathetic discharge that may 
enhance AP conduction. Intravenous digoxin and beta-block- 
ers have been described as being responsible for degeneration 
into ventricular fibrillation, but this is rare. 



10.2 Chronic Therapy for Prevention 

Radiofrequency ablation can cure more than 95% of patients; 
it has a low risk of complications, and is the first choice thera- 
py in symptomatic patients (EGG 24.29), [21,22]. Pharmacolo- 
gical therapy may be preferred occasionally. Class Ic antiar- 
rhythmic drugs are the drugs of choice for preventing ortho- 
dromic tachycardias [16]. Although sotalol can abolish tachy- 
cardias, the risk of torsade de pointes (4%) appears unaccept- 
able for long-term therapy in this context. Amiodarone can 
abolish arrhythmias. However, it has a number of common 
adverse effects - a concern for patients with WPW who are 
often young and may require many years of therapy. Finally, 
beta-blockers can be used in patients with concealed AP or 
with an AP known to have a long refractory period. If the 
refractory period of the AP is not known, beta-blockers should 
be used with caution because of the risk of precipitating ven- 
tricular fibrillation in case of pre-excited atrial fibrillation. For 
the same reason, beta-blockers are contraindicated in patients 
with antidromic AVRT. 

103 Treatment of Patients with an 
Asymptomatic WPW Pattern 

Optimal management of patients with a WPW pattern without 
tachycardia is still a matter of debate [23,24]. On one hand, sud- 
den cardiac death because of ventricular fibrillation is a rare, 
yet possible, outcome in these individuals. The underlying 
mechanism is atrial fibrillation with a very high ventricular 
rate, because of a short antegrade refractory period of the AP, 
deteriorating into ventricular fibrillation. On the other hand, 
there is a very low risk of serious complications from electro - 
physiologic studies and from ablation. Information on the 
antegrade refractory period of the AP is therefore important in 
order to recognize asymptomatic people at risk for dying sud- 
denly. 

Several noninvasive tests are available for identifying low 
and high risk patients. Our approach is first to perform an 
exercise test and look for conduction block over the AP. Sudden 
conduction block over the AP (from one beat to the next) with 
increasing heart rate during sinus rhythm (ECGs 24.15 and 
24.16) indicates that the refractory period of the AP has been 
reached (long refractory period). We consider that the progno- 
sis of these patients is excellent without any therapy. However, 
progressive decrease of pre-excitation over several beats may 
be due to acceleration of conduction in the AV node and 
decreased degree of pre-excitation. In these patients, as well as 
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in the patients where pre- excitation persists during stress test- 
ing (EGG 24.19a), we perform an invasive study to determine 
the electrophysiologic properties and location of the AP. We 
recommend an ablation to all patients with a rapidly conduct- 
ing AP (refractory period 250 msec or shorter). In the other 
patients, the decision depends on the localization of the AP and 
the feasibility of the ablation. In practice, ablation is performed 
in about 90% in these patients. 
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ECG24.1 

60 y/f. Sinus rhythm, typical pre-excitation with 
shortened PQ interval (0.1 1 sec) and (positive) 
delta wave, best seen in V 2 to Vg (note: in aVF and 
III the delta waves are negative because of pro- 
jections). QRS duration 160 msec. Alteration of 
repolarization. 



417 



Chapter 24 ECGs 






ECG 24 J 

56 y/f. Sinus rhythm, PQ interval about 0.1 1 sec. Questionable 'abortive' delta 
waves in V 2 /V 3 . Similar patterns are seen as normal variants (pseudo-delta 
waves, due to projection of a normal QRS; Chapter 3), albeit with a normal PQ in 
this case. 



ECG24.3 ► 

6 y/f. 'Full' pre-excitation, with enormous deformation of QRS and 
of repolarization. 
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ECG24.4 

29 y/f. Sinus tachycardia, PQ 0.10 sec, delta 
waves. QS in lll/aVF formally imitates inferior 
Ml. Note: the T wave is positive. 




ECG 24.5 

24 y/m. Sinus rhythm, typical pre- 
excitation. Tall R waves in to V 3 

imitate posterior Ml. Note bipha- 
sic delta waves in several leads. 




ECG 24 J 

63 y/m. Sinus rhythm, typical pre-exci- 
tation. QS in lll/aVF and tall R waves in 
to V 3 might be falsely interpreted 
as inferoposterior Ml, and the giant R 
waves in V 2 to V 5 as concentric LVH. 
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ECG 24.7 ECG 24 J 

56 y/m. Sinus rhythm, typical pre-excitation. Significant Q waves in 57 y/m. Typical pre-excitation. Tall R wave in V 4 might suggest LVH. 

i/aVL (and V 5 ) and tail R waves in to V 3 imitate posterolateral Ml. 
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ECG24.9 

48 y/m. WPW syndrome. Orthodromic tachycardia, rate 185/min. 
The QRS are normal (no delta wave, because the AP is used retro- 
gradely). No visible p waves. Incomplete RBBB. 
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ECG2410 

75 y/f. Antidromic AV reentry tachycardia, rate 
185/min.The QRS compiexes are fully pre-exci- 
tated and indicate the location of the accessory 
pathway (left lateral). 




ECG 24-11 

40 y/m. WPW syndrome. Rhythm strip. 
Orthodromic tachycardia, rate 238/min. Arrow: 
artifact. 
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ECG 24.12a 

45 y/f. Patient at the emergency unit because of a presyncope during palpitations. ECG: atrial 
fibrillation with absolute ventricular arrhythmia and wide QRS; maximal instantaneous rate 
268/min. No clear delta waves, however relative slow R upstroke in many complexes (see leads 
V 2 to V 5 ). WPW syndrome was not known but diagnosed on the basis of this ECG. 



ECG24J2b 

Same patient. ECG (V^ to Vg) during infu- 
sion of procainamide. Slower rate, persist- 
ing arrhythmia. Four QRS complexes show 
the pattern offull pre-excitation', three 
beats are conducted over the AV node 
(arrow), two beats are fusion beats (F). 
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ECG 24.12c 

Same patient. ECG after conversion to sinus rhythm with procainamide. Although 
the patient had a potentially life threatening arrhythmia, her ECG in sinus 
rhythm shows only a 'minor' pattern of pre-excitation, not recognizable at a first 
glance. 




ECG 24.13 

Pre-excitation in a patient with an accessory 
pathway, later ablated in the right posterosep- 
tal location. 
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ECG 24.14 A 

ECG showing borderline PQ interval 
(120 msec) and pre-excitation. In V^, R is 
larger than S, allowing to classify this 
AP as left-sided. Since the delta wave is 
positive in II, III and aVF, the pre-excita- 
tion pattern is consistent with an 
anterolateral location. The PR is only 
slightly shortened because the atrial 
insertion of the pathway is anatomical- 
ly far away from the sinus node. 
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ECG24.1fi 

ECG during stress test showing marked pre-excitation during sinus 
tachycardia at 125/min.The location of the AP is right posterosep- 
tal. Abrupt conduction block in the AP leads to disappearance of 
the delta wave, probably because the refractory period of the AP is 
just about the same as the sinus rhythm cycle length. 



ECG24.1S^ A 

Intermittent pre-excitation, with presence of 
normal and short PQ interval, as well as non- 
pre-excited and pre-excited QRS. RBBB and left 
anterior fascicular block (LAFB) are seen in the 
nonpre-excited QRS complexes. The R' wave in 
due to the delayed depolarization of the 
right ventricle is not seen when a delta wave is 
present because of the pre-excitation of the 
right ventricle by a right-sided AP (note half 
calibration in the precordial leads). 
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ECG24,17a 

ECG registered in a patient with hyper- 
trophic obstructive cardiomyopathy, 
showing a normal PR interval with no 
clear pre-excitation (note half calibra- 
tion in the precordial leads). Q waves in 
V 4 to Vg and aVL are probably due to the 
initial depolarization of the severely 
hypertrophied ventricular septum. The 
ST-T changes in II, III, and aVF are prob- 
ably related to the cardiomyopathy. 



ECG 24.1 7b 

Same patient, pre-excitation over a right 
anteroseptal AP appears at a slower sinus rate 
(55/min). Intermittent pre-excitation in this 
case is due to the long refractory period of the 
AP, that cannot conduct antegradely at a faster 
sinus rate. 



ECG 24.1 8 

Mild pre-excitation with normal PR 
interval, due to atrial insertion of 
the AP far away from the sinus 
node. R > S in V<| is consistent with 
left-sided AP. 
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ECG 24.19 

ECG registered in a 40-year-old man with an 
antegrade conducting AP left anterolateral. 
Recognition of pre-excitation and localiza- 
tion of the AP is more difficult because there 
is only mild pre-excitation. There are a short- 
ened PQ interval (110 msec)/abortive' delta 
waves and an absent Q wave in Vg, consistent 
with pre-excitation. The large R in V 2 is con- 
sistent with a pre-excitation of the left ven- 
tricular free wall. The delta wave is positive 
in aVF, consistent with the left anterolateral 
position of the AP. If the pre-excitation is not 
recognized, this ECG may be misdiagnosed as 
old posterior Ml. 






ECG 24.20b 

ECG after radiofrequency ablation 
of the posteroseptal AP in the 
same patient, demonstrating T 
wave inversion in leads II, III, and 
aVF. 



ECG 24.20a 

ECG from the same patient as ECG 24.14 obtained 
during a stress test, showing persistence of delta 
waves during sinus tachycardia at 182/min and 
marked horizontal ST segment depressions in V 3 to 
Vg, due to WPW and not to ischemia. Coro: normal. 
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ECG 24.21 

Ventricular bigeminy from the right ventricular outflow tract alternating with sinus beats with relatively 
short PR (0.14 sec) and pre-excited QRS. If pre-excitation is not recognized, the negative delta waves in aVF 
and III might be misdiagnosed as consistent with an old inferior scar. 
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ECG 24.22 

ECG showing sinus rhythm with short PR interval, probably due to 
enhanced atrioventricular conduction. RBBB is present, but there is 
no pre-excitation of the ventricle. 



ECG 24.23 

Pre-excitation over a left posterior or left posterolateral AP associ- 
ated with LAFB.The clockwise rotation, usually present in left ante- 
rior fascicular block, is masked because of pre-excitation of the left 
ventricle. 
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ECG 24.24 

Initiation of orthodromic AVRT by an APB. Transient LBBB aberra- 
tion is present (Ashman phenomenon). Since the tachycardia cycle 
length is longer (370 msec) during LBBB than with nonaberrant 
conduction (330 msec), this is an orthodromic AVRT with a retro- 
grade limb using a left-sided accessory pathway. The cycle length is 
longer during aberrant ventricular conduction than during non- 
aberrant conduction, because the depolarization has to travel 
down via the controlateral bundle branch and across the septum, 
making the circuit longer. 



ECG 24.25 

Narrow QRS tachycardia at a rate of 174/min during orthodromic 
AVRT. Retrograde P waves are negative in I and aVL, consistent with 
a retrograde limb of the circuit activating the left atrium first (left 
sided AP). 
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ECG 24.26a KG 24 J6b 

Wide QRS tachycardia at a rate of 1 78/min, with typical LBBB mor- Same patient, 1 min later; narrow QRS tachycardia with a rate of 

phology consistent with orthodromic AVRT with LBBB. Persisting 1 97/min. 

aberration is probably due to concealed retrograde conduction up 

the left bundle branch, since phase 3 aberration usually disappears 

promptly because of shortening of the bundle branch refractory 

period. 
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ECG 24.27 -4 

2y/m. Permanent junctional reentrant 
tachycardia (PJRT). Slow retrograde 
conduction over the pathway causes 
the RP interval to be longer than the 
PR interval. P waves resulting from 
retrograde conduction are inverted in 
leads II, III and aVF. 



ECG 24.28 ► 

Mahaim tachycardia with a wide QRS 
tachycardia with LBBB morphology. 
The substrate for this tachycardia was 
a decremental, slowly conducting AV 
fibre with a right anterolateral local- 
ization. 




ECG 24.29 ► 

Radiofrequency ablation: disappearance of the pre- 
excitation due to block of AP conduction shortly after 
onset of current application. 
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Chapter 25 

Ventricular Premature Beats 



At a Glance and The Full Picture 



Both sections are combined because this chapter can be 
presented in a relatively concise manner. Ventricular premat- 
ure beats (VPBs) represent by far the most frequent arrhyth- 
mia.They are found in about 60% of healthy people, in ambul- 
atory ECGs, and in these cases the VPBs are generally single 
and monomorphk, not exceeding 100 (or 200?) per hour. In 
people with heart disease, VPBs occur in 80%-90%, either 
isolated or in salvos; they may be monomorphk or poly- 
morphic. 

ECG 

1 Definition and Nomenclature 

VPBs are characterized by a premature broad QRS complex 
(generally QRS duration > 120 msec), without a preceding 
p wave occurring in a normal or prolonged PR interval. A 
p wave occurring immediately before a broad QRS is not con- 
ducted unless pre-excitation is present. Small QRS with only 
slightly altered configurations are encountered in VPBs arising 
in the interventricular septum. 

In bigeminy (ECG 25.1) every normal beat is followed by one 
premature beat (1:1 extrasystole). 

In trigeminy (ECG 25.2) every normal beat is followed by 
two premature beats. 

In quadrigeminy every normal beat is followed by three 
premature beats. 

In 2 : 1 extrasystole a premature beat occurs after two nor- 
mal beats (ECG 25.3), and in 3 : 1 extrasystole a premature beat 
occurs after three normal ones (ECG 25.4). 

Several textbooks fail to take into account the different 
sequences of normal and premature beats. However, the hemo- 
dynamics are more compromised (ECG 25.5) and the heart is 
generally sicker in trigeminy/quadrigeminy than in 2 : 1 or 3 : 1 



extrasystole. ECG 25.6 shows another possibility - an example 
of the rare 2 : 2 extrasystole. 

Two consecutive VPBs are called a couplet; three consecu- 
tive VPBs are called a triplet. Three or more consecutive VPBs 
are called ventricular tachycardia (see Chapter 26 Ventricular 
Tachycardias). With up to about four consecutive VPBs the 
expression salvos is also used. VPBs arise in one of the ventri- 
cles and occasionally in the interventricular septum and in the 
latter case may show a normal QRS duration. 

1.1 Coupling Interval 

In general the coupling intervals of VPBs show no differences, 
or only modest ones (up to about 60 msec). Changing coupling 
intervals are observed in polytopic VPBs. If frequent single 
(and generally monomorphic) VPBs show considerably differ- 
ent coupling intervals, ventricular parasystole is probable and 
can be confirmed by detecting an independent regular slower 
ventricular rhythm, with the help of a pair of dividers. 

12, Compensatory Pause 

In VPBs the ventricular impulses are conducted retrogradely to 
the atria, at least partially. About 50% are discharging the sinus 
node. If the impulse does not interfere with the SR, the next 
sinusal impulse is delivered after a normal interval. This cycle 
is called fully compensatory. However, a slightly earlier onset of 
the sinusal beat is common (not fully compensatory cycle). 

1 .3 Morphology and Origin 

Monomorphic VPBs originate from the same focus and are 
called unifocal (ECG 25.7). Polymorphic VPBs maybe unifocal 
with varying ventricular activation (the coupling interval is 
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equal), or they may be multifocal (with varying coupling inter- 
vals) (ECGs 25.8a-b). 

It is often stated that VPBs with a right bundle-branch 
block (RBBB)-like pattern originate in the left ventricle (LV) 
and that VPBs with a left bundle-branch block (LBBB)-like pat- 
tern originate in the right ventricle (RV). This concept contra- 
dicts the following reflection: as the diseases of the LV are far 
more frequent (overall) than those of the RV, the prevalence of 
VPBs with RBBB-like patterns should greatly exceed that of 
VPBs with LBBB-like patterns. Because this is not true, more 
complex mechanisms (such as the site of the breakthrough 
phenomenon of the electric impulse) are responsible for the 
QRS configuration. However, the concept of origination site is 
quite reliable in some conditions. In arrhythmogenic RV dys- 
plasia we generally find VPBs or ventricular tachycardia ( VT) 
with LBBB-like patterns, and when there are VPBs or VT orig- 
inating in the outflow tract of the RV, LBBB-like patterns with 
vertical AQRSp are typical. 

A superior QRS axis generally reflects an origin near the left 
posterior fascicle or at the base of one ventricle, and a vertical 
QRS axis generally reflects an origin near the left anterior fas- 
cicle or at the outflow tract. 

In the relatively rare VPBs originating in the interventricu- 
lar septum and conducted nearly normally over the right bun- 
dle branch and the left fascicles, the QRS complex is narrow. 
The QRS configuration may be altered, however. 

1.4 Special Types 

14.1 R-on-T Phenomenon 

A VPB that falls on the T wave early (earlier than about 90% of 
the preceding QT interval), is called ‘R on T’-VPB. Such a VPB 
may induce VT (EGG 25.9) or even ventricular fibrillation, 
especially in the ischemic myocardium (Chapter 31 Special 
Waves, Signs and Phenomena). 

142 Interponated VPBs 

Very occasionally, a VPB does not interfere with the following 
normal beat. We miss a postextrasystolic pause (EGG 25.10). 
Interponated (interpolated) VPBs do not have any special sig- 
nificance. 

143 Fusion Beat 

Simultaneous activation of the ventricles by a supraventricular 
and a ventricular center leads to a fusion beat. The QRS dura- 
tion is between that of the supraventricular beat and that of the 
VPB. The morphology generally shows signs of the supraven- 



tricular and ventricular QRS complex, like a child that shows 
characteristics of both the mother and the father. Fusion is an 
important phenomenon which is seen in late (phase 4) VPBs, 
in pre-excitation, and as an additional diagnostic sign in VT 
(so-called ‘Dressier beats’), accelerated idioventricular rhythm, 
and parasystole. 

144 Concealed Bigeminy 

In long rhythm strips with bigeminy, periods without bigeminy 
may be observed. If the number of supraventricular (mostly 
sinusal) beats between the VPBs is odd, concealed bigeminy 
can be assumed (EGG 25.11). After every second sinusal beat a 
premature beat is generated, but it is not conducted and is 
therefore invisible in the EGG. Goncealed bigeminy does not 
impair the hemodynamics - as bigeminy often does - but it 
represents an additional disturbance of conduction. It may 
result from drug treatment of bigeminy. In this context let us 
remember the famous remark by Douglas Zipes: “Antiarrhyth- 
mic drugs make sick cells sicker.” 

2 Differential Diagnosis 

VPBs need to be distinguished from supraventricular prema- 
ture beats with a broad QRS. In supraventricular premature 
beats, broad QRS are caused by aberrant ventricular conduc- 
tion, generally RBBB or LBBB aberrations. In many cases, a 
preceding p wave can be identified, with a normal or prolonged 
(sometimes minimally reduced) PR interval. Often the p waves 
are hidden within the T wave and can be detected by deforma- 
tion of the T wave, which becomes either pointed or ‘camel- 
hump-like’. AV nodal premature beats with broad QRS (aber- 
ration) are very rare. In this case, p waves are hidden within the 
QRS complex due to retrograde activation of the atria, and dif- 
ferentiation from VPBs may be possible by respecting QRS 
morphology in the precordial leads. 

3 Mechanism 

VPBs are due to re-entry, enhanced automaticity, or triggered 
activity (see Ghapter 26 Ventricular Tachycardias). 

4 Prognosis 

The prognosis of VPBs depends more on the underlying heart 
disease and its severity than on the frequency and morphology 
of VPBs. However, the prevalence of VPBs has been recognized 
as an independent risk factor for premature cardiac death. 
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Based on the Framingham study, men without clinically 
apparent coronary artery disease (CAD) and frequent VPBs 
(> 30 per hour) or complex ventricular arrhythmias, have a 
twofold increase of the risk for all-cause mortality and MI or 
death, due to CAD. However, in men with CAD and in women 
with and without CAD, complex and frequent ventricular 
arrhythmias are not associated with increased risk [1]. 

Bjerregaard et al [2] found in a small cohort of 237 appar- 
ently healthy people an increase in subsequent CAD in those 
individuals who had > 900 VPBs per day or VT in the 24-hour 
ECG. A total of 378 placebo patients enrolled on the European 
Infarction Study [3], who had pairs or runs of VPBs, showed a 
low 2-year mortality rate of 4%, but a high rate of 16.7% when 
ventricular arrhythmias were combined with impaired LV 
function. In the study by Vaage-Nilsen et al [4] the number of 
VPBs (> 10 per hour) registered 1 week and 1 month after acute 
MI had a predictive value for mortality. In the study by Statters 
et al [5] the frequency of VPBs (registered 6-10 days after acute 
MI) was significantly predictive for adverse cardiac events in 
379 MI patients with early thrombolysis and 301 without, at a 
follow-up of 1-8 years. Schmidt et al [6] described the absence 
of heart rate turbulence after VPBs as an independent and 
potent postinfarction risk stratifier. In patients after coronary 
artery bypass grafting, the ventricular arrhythmias do not 
seem to predict premature sudden cardiac death [7]. In 
patients with idiopathic dilated cardiomyopathy, ventricular 
arrhythmias are significantly worse at predicting mortality 
than other factors, such as LV ejection fraction and stroke work 
index [8]. In a study of 617 patients (393 women, 224 men) with 
left ventricular hypertrophy (LVH), the 6 -year cumulative inci- 
dence of all-cause mortality in men without ventricular 
arrhythmias was 12%, compared to 28% in men with frequent 
or complex ventricular arrhythmias. In women the correspon- 
ding values were 11% and 22% [9]. 

In a review, Podrid et al [10] reported for patients with car- 
diomyopathy of any etiology and heart failure a high preva- 
lence of frequent VPBs (yo%-93%) and of unsustained VT 
(40%-8 o %). 

5 Therapy 

For many years VPBs have been treated on the basis of their 
frequency, regardless of the myocardial function. The goal of 
therapy was to reduce the number of VPBs by 85% in 24 h. Two 
studies changed this appalling approach completely. Velebit et 
al [11] proved that various antiarrhythmic drugs have proar- 
rhyhmic effects; effects that are most accentuated in Vaughan 



Williams Class I drugs. The results of the CAST study [12] hit 
the medical world like a bomb: patients treated with flecainide, 
encainide or moricizine showed a threefold mortality com- 
pared with the placebo group. Risk factors (besides the antiar- 
rhythmic drug itself) were reduced LV function and probably 
reduced renal function (the latter is significant because fle- 
cainide is partly eliminated by the kidneys). From that point 
on, the ‘cosmetic’ therapy of VPBs was abandoned and the 
antiarrhythmic drugs of Vaughan Williams Class I [13,14] are 
now avoided whenever possible. If some therapy or prophylax- 
is is necessary, beta-blockers are preferable. In symptomatic 
patients, flecainide continues to be used by many cardiologists 
because of its potent antiarrhythmic action, albeit only in 
patients with preserved ventricular and normal renal function. 
This with a maximum dose of 100-50-100 mg a day; generally 
50-50-50 mg are sufficient. 
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ECG25.1 

VPBs in bigeminy. Leads I and V<|: 
RBBB-like pattern with qR in V^. 




ECGZS.2 

VPBs in trigeminy. Lead V^: 
RBBB-like pattern with R in 
V^, QS complex in Vg (not 
shown). AV dissociation 
detectable in Vq (arrow). 




ECG2S.J 

Leads V^/Vg. Ventricular 2 : 1 extrasystole. Purely positive QRS in the precordial leads. In sinus rhythm there is 
AV block 1° and incomplete RBBB. 
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ECG25.4 

44y/m. Lead II, continuous stripe: ventricular 3 : 1 extrasystole in a patient with acute inferior Ml. Note alternating 
repolarization (as a sign of ischemia), interrupted by VPB. Other stripes showed bigeminy.Thus concealed bigeminy 
is probably present. 
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ECG2S.5 

Continuous stripe. Upper stripe: rhythm. Lower stripe: blood pressure. In this case only the first VPB leads to normal 
LV contraction. The subsequent VPB(s) remain without hemodynamic response. 
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ECG 25,83 

76 y/m. ECG: polymorphic VPBs. Atrial fibrillation. 
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ECG 25,81 

70 y/m. ECG: polymorphic VPBs (arrows). Subacute anterior Ml. RBBB. 
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ECG2S.9 

86 y/m. R on T. Rhythm strip. In this patient with a pacemaker, a VPB falling on the T wave immediately after the 
apex induces a short VT of the type torsade de pointes. 



ECG 25.10 

45 y/m. Uncomplicated AV channel. ECG, lead V 4 
(4 days after surgical correction): interponated VPB 
in 2 : 1 sequence. Purely positive QRS in all precor- 
dial leads (not shown). No postextrasystolic pause. 
AV block r and RBBB.The PQ time (0.32 sec) is 
equal before and after VPB. Note that in interponat- 
ed VPBs the PQ interval is generally prolonged in 
the postextrasystolic beat. 





ECG 25.11 

Concealed bigeminy (lead V 3 ). Ventricular VPBs in bigeminy, except during three consecutive sinusal beats. A blocked VPB (arrow) is very 
probable. In this case the coupling interval of the VPBs is not constant. 
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Chapter 26 

Ventricular Tachycardia 



At a Glance 



Ventricular tachycardia (VT) is generally a severe arrhythmia 
that often impairs heart function considerably and may be a 
precursor of ventricular fibrillation. We distinguish the impact 
of VT on haemodynamics and on prognosis. 

The haemodynamic response to VT depends on the pre- 
existing left (or right) ventricular ejection fraction and the rate 
and duration of tachycardia. The worse the ventricular 
function and the faster the rate, the worse the ventricular 
filling and output are. A VT of long duration (minutes to hours 
or even days) generally leads to a further haemodynamic 
deterioration. 

The prognosis of VT is determined by the type and severity 
of the underlying cardiac disease. 

ECO 

1 Definition and Characteristics of 
Ventric ular Tachycardia 

Ventricular tachycardia is defined as > three consecutive pre- 
mature ventricular complexes with a QRS duration of 
> 0.12 sec (often > 0.14 sec) and a rate between 100 to 240/min 
(exceptionally up to 300/min), generally 140 to 220/min. The 
QRS complexes are not preceded by atrial deflections. The 
tachycardia may be sustained (duration > 30 sec; often lasting 
minutes to hours) or nonsustained (duration < 30 sec; often 
shorter (ECG 26.1)). The repolarization is always altered, with 
ST elevation or depression and T inversion in some leads. 

2 Types of Ventricular Tachycardia 

There are three types of VT that differ in morphology, clinical 
significance and often in etiology. 



2.1 Monomorphic VT 

Monomorphic VT is the most frequent type. It may be sus- 
tained or nonsustained. 

Sustained monomorphic VT has a rate of 130-240/min and is 
initiated by a ventricular premature beat (VPB). The tachycardia 
is regular or minimally irregular. If VT terminates spontaneous- 
ly, it is followed by a ‘post-tachycardia’ pause (ECGs 26.2a-b), 
except in atrial fibrillation. 

Monomorphic VT generally shows a left bundle-branch- or 
right bundle-branch block-like QRS pattern (atypical LBBB 
and RBBB respectively). ECGs 26.3a-b show two episodes of 
VT in the same patient with LBBB pattern, ECG 26.3c shows the 
ECG in this patient in sinus rhythm, with a pattern of RBBB + 
LAFB (left anterior fascicular block) and an extensive anterior 
myocardial infarction (MI). ECG 26.4a is an example of VT 
with RBBB-like pattern (and retrograde AV block 2°), 
ECG 26.4b shows the QRS configuration in sinus rhythm. 

A VT with a rate above 200/min is called ‘ventricular flutter’ 
by some authors. Others only use the term ‘ventricular flutter’ 
if the morphology of VT has a sinus-like form, so that depolar- 
ization and repolarization can no longer be distinguished. 

Atrioventricular dissociation, one or more fusion beats, cap- 
ture beats or a retrograde AV block 2° (rare) indicate a ventric- 
ular origin of the tachycardia in a very high percentage of cases. 
ECGs 26.4a, 26.5 and 26.6 demonstrate retrograde AV block 2°. 

Ventricular capture beats are intermittent supraventricular 
beats (mostly of sinusal origin) with a narrow (normal broad) 
QRS complex. Unfortunately, a retrograde AV block and fusion 
beats, as well as capture beats, are relatively rare phenomena 
during VT. Atrial capture means retrograde activation of the 
atria. It is always present in supraventricular tachycardia (SVT) 
and in > 60% of VT. However, in VT the p waves are mostly not 
detectable. 
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In nonsustained VT the QRS complexes may be monomor- 
phic or more or less polymorphic. 

2.1 .1 Etiology of Monomorphic VT 

The most current etiology of monomorphic VT is a coronary 
heart disease (CHD). However all diseases of the left ventricle, 
and also (but more rarely) diseases of the right ventricle as 
congenital heart diseases and arrhythmogenic RV dysplasia, 
can provoke this type of VT. It may even be seen in people with- 
out an apparent structural heart disease. This special type of 
tachycardia was formerly called idiopathic VT. In a substantial 
number of ‘idiopathic VT’ invasive electrophysiologic studies 
have revealed a ‘focus’ in the right ventricular outflow tract 
(RVOT), responsible for a typical EGG with LBBB-like pattern 
and frontal QRS right-axis deviation (EGG 26.7). 

The prognosis of VT generally depends on the type and 
severity of the heart disease. 

2.2 Polymorphic VT of Type 'Torsade de 
Pointes' 

Torsade de pointes VT is characterized by a special EGG mor- 
phology. According to the term, the points of the QRS com- 
plexes gradually and repetitively change their polarity, ‘twist- 
ing’ around the isoelectric line, thus appearing as peaky R and 
S waves. This peculiarity is often not seen in a single lead. The 
rate can be excessively high at 200-300/min (EGGs 26.8 and 
26.9), exceptionally as high as 400/min (EGG 26.10). A torsade 
de pointes type of tachycardia will usually terminate sponta- 
neously after several seconds, even after minutes, despite a high 
rate; attacks lasting longer than 5-10 seconds lead to loss of 
consciousness, and a long-lasting attack may provoke organic 
(especially cerebral) damage. But in relatively rare cases, tor- 
sade de pointes type of tachycardia degenerates into ventricu- 
lar fibrillation. This deleterious complication cannot be pre- 
dicted. So anyone with this tachycardia should immediately be 
monitored and treated (generally with magnesium and potas- 
sium, and/or a pacemaker), with a defibrillator on standby. 

2.2.1 Etiology of Torsade de Pt)intes VT 

VT of the type torsade de pointes was first associated with the 
congenital long QT syndromes, the Romano-Ward syndrome 
(without deafness), and the Jervell and Lange-Nielsen syn- 
drome (with deafness). The acquired long QT is far more fre- 
quent, arising from many conditions, and leading to a prolon- 
gation of the QT or QTU interval. The most common associat- 
ed conditions arise from therapy with diuretics (that provoke 



hypokalemia often combined with hypomagnesemia) and 
antiarrhythmics (especially of Vaughan Williams class la). 

However, torsade de pointes have been observed in many 
other conditions, such as GHD with and without bradycardia, 
and with many other drugs (see The Full Picture). 

2.3 Polymorphic VT (without 'Torsade de 
Pointes') 

In many publications the term ‘polymorphic’ refers only to 
polymorphic VT of the type ‘torsade de pointes’. However there 
are polymorphic VTs without torsade de pointes: 

i. Polymorphous QRS complexes are not uncommon in non- 
sustained VT, especially if the tachycardia only lasts for 
some beats. 

ii. Polymorphism of the QRS complexes without torsade de 
pointes is occasionally seen in patients with severe myocardial 
damage, and is associated with a bad prognosis. The rate is 
often not excessive (EGG 26.11). Degeneration into ventricular 
fibrillation is quite common. This VT type can also be observ- 
ed in patients with cardiogenic shock shortly before death. 

3 A Special Condition: Accelerated 
Idioventricular Rhythm 

Accelerated idioventricular rhythm is not a VT, by definition, 
because its rate rarely exceeds 100/min. However, it does not 
represent an escape rhythm (as in the case of a low rate ven- 
tricular rhythm in the presence of complete AV block) and is 
therefore often not clearly identified. In most cases a ventricu- 
lar rhythm (with broad QRS) arises during some beats (gener- 
ally 2 to 10), suppressing the sinus rhythm by a slightly higher 
rate. At the beginning and the end of the ventricular rhythm, 
fusion beats may be observed (EGGs 26.12 and 26.13). 

Accelerated idioventricular rhythm is seen especially in 
acute MI (in a high percentage of patients during the first 
hours after successful thrombolysis) and after coronary bypass 
operations; it is therefore accepted as a fairly reliable marker of 
myocardial ischemia. 

4 Differential Diagnosis of 'Wide QRS' 
Tachycardias: VT versus SVT with 
Aberration 

Not only VT but also supraventricular tachycardias (SVT) with 
aberration (SVTab) lead to broad QRS complexes (> 0.12 sec). 
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4.1 Types of SVT with Aberration {SVT 
with Wide QRS) 

Three types of SVTab are distinguished. 

4.1 .1 SVTab with Bundfe-Branch Block 

SV tachycardias like atrial flutter, atrial fibrillation, AV tachy- 
cardia, and sinus tachycardia without detectable p waves with 
bundle-branch block (rarely bilateral bundle-branch block), 
represent the most common form of SVTab with wide QRS. 

In all cases of wide QRS tachycardias at a moderate rate 
(110-150/min) a sinus tachycardia with bundle-branch block 
aberration should be excluded. The p wave may be hidden 
within the T wave of the preceding beat, especially in the pres- 
ence of a long PQ interval. 

4.12 SVTab in Wolff-Parkinson-White Syndrome 

This rare condition only occurs by conduction antegradely 
through the accessory pathway, or in cases of additional bun- 
dle-branch block. More than 90% of the ‘WPW tachycardias’ 
show a narrow (normal) QRS. 

4.1 3 SVT wfth other Aberrations 

In some textbooks a third type of SVTab is mentioned - as an 
excuse for unidentifiable aberration - that is not connected 
with bundle-branch block or with the WPW syndrome. It also 
has to be mentioned that in rare cases a wide QRS may be pres- 
ent without aberration, for instance in severe ventricular 
hypertrophy and myocardial infarction. 

4.2 Criteria for Differentiation Between 
VT and SVTab 

Many morphologic EGG criteria have been published, con- 
cerning alterations of the QRS complex, that should allow the 
differentiation between VT and SVTab. In Table 26.2 the com- 
mon characteristics are summarized. However, even experi- 
enced rhythmologists only achieve 85% accuracy, even if all 12 
standard leads are available. 

Those readers who have neither time nor leisure to learn all 
these rather complicated morphologic EGG signs may resort to 
a more simple approach. 

Tchou et al [1] demonstrated in an intelligent publication that 
a positive answer to two questions may be more reliable than 
diagnosis based on other clinical and morphological criteria: 

1. Did you recently suffer from a myocardial infarction'? 



2. Did you have those symptoms (due to tachycardia) only 
after myocardial infarction? 

A positive answer to both questions predicted VT with great 
accuracy. The initial ‘clinical’ diagnosis in 31 patients (10 
women, aged 27-79 years) with broad QRS tachycardias was 
VT in 17 and SVT in 14 patients. Electrophysiologic studies 
revealed 29 VTs and only two SVTs. Two of the 17 VTs proved to 
be SVT and, more important, all 14 SVTs proved to be VT. 
Based on the answers to the two questions above, 28 of 29 VTs 
and 2 of 2 SVTs were correctly diagnosed. Only one VT was 
taken for a SVT. Thus the ‘two-question’ method resulted in 
95% diagnostic accuracy, whereas the ‘clinical-morphologic’ 
method had accuracy of about 50%. The study was slightly lim- 
ited by the profile of the patient cohort: almost all had GAD 
(and MI) and were referred to hospital for electrophysiologic 
evaluation of broad QRS tachycardia. Furthermore, it should 
be mentioned that the primary EGG was not interpreted by an 
experienced rhythmologist. 

43 Criteria for Differentiation Between 

VT and Artifacts 

Artifacts may be misdiagnosed as wide complex tachycardias, 
especially in rhythm strips. Generally these are due to mechan- 
ical manoeuvres, such as teeth-brushing, knocking on the back 
during physiotherapy, or perhaps from insufficient skin/elec- 
trode contact. Gareful analysis of the EGG allows identification 
of remnant QRS complexes (so-called ‘notches’) within the 
artifacts (see The Full Picture). 

5 Therapy 

As mentioned earlier, differentiation between VT and SVTab 
may be difficult or even impossible on the basis of the EGG. 
However, it would be extremely important to make the true 
diagnosis before drug treatment. Misdiagnosis of wide QRS 
tachycardia, like SVTab, in the presence of VT, may result in 
life-threatening complications. Take for example a VT that is 
misdiagnosed as SVT with bundle-branch block aberration 
and is treated intravenously with verapamil or another car- 
diodepressant drug. The tachycardia does not respond, but 
blood pressure falls dramatically, perhaps leading to death. 

In all unclear cases, DG conversion is the only correct ther- 
apy! Of course, oxygen should be applied and cardiodepressant 
narcotics must be avoided. Some antiarrhythmic drugs can 
impair the effect of external direct current (DG) conversion. In 
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the presence of VT, lidocaine is only successful in 20%-30%. 
Procainamide (success rate of about 8o%) produces a fall in 
systolic blood pressure of 10-20 mmHg, or even more. 

In summary, a wide QRS complex tachycardia at a high rate 
often needs immediate DC conversion. Unprofessional ‘pre- 



The Full Pictuife 



It is quite ambitious to discuss ventricular tachycardia, the 
differential diagnosis included, in just a few pages.The subject 
is covered by over 14000 publications (PubMed in spring 
2003), special meetings are dedicated to it and many chapters 
of books and even whole books discuss it at length. 

6 Pathophysiology 

Many mechanisms are responsible for the onset and mainte- 
nance of VT, the most important being reentry, enhanced auto- 
maticity, and triggered activity. 

6.1 Reentry 

Reentry is by far the most important mechanism for induction 
and maintenance of VT. Three conditions must be fulfilled to 
allow a ‘circus movement’ of conduction and consecutive exci- 
tation: 

i. a circuit around an anatomic or functional obstacle 

ii. unidirectional block within this circuit 
hi. impaired conduction. 

The length of the circuit is defined as the product of the con- 
duction velocity and refractory period. In the heart, such a cir- 
cuit is only possible if the conduction velocity is considerably 
slowed and the refractory period is shortened. 

Table 26.1 demonstrates the formula in: 

i. normal conditions 

ii. in ‘macro’ reentry 

iii. in ‘micro’ reentry. 



treatment’ with antiarrhythmic drugs may not only be deleteri- 
ous, but also may impair or inhibit the success of DC conversion. 



Macro reentry occurs around a scar due to myocardial infarc- 
tion (structural obstacle) or around an ischemic zone (func- 
tional obstacle). 

Micro reentry occurs at a cellular basis, e.g. within the 
Purkinje conduction network. Multiple small and chaotic reen- 
try circuits with so-called valvelets represent the electrophysi- 
ologic mechanism for ventricular fibrillation. 

6.2 Enhanced Automaticrty 

The underlying mechanism for automaticity is slow diastolic 
depolarization that is inherent to all myocardial conduction 
fibres. In normal conditions the cells of the sinus node have the 
fastest diastolic depolarization, thus conducting the heart. 
Under pathologic circumstances, such as ischemia, fibres of the 
conduction system may accelerate diastolic depolarization. If a 
ventricular conduction fibre reaches the threshold for systolic 
depolarization earlier during diastole (compared with the sinus 
node), the ventricle overpaces the sinus node. If this occurs 
once, a ventricular premature beat is produced. If the process is 
repetitive, VT occurs. In this case, monomorphic VT is mainly 
maintained by reentry mechanisms. Enhanced automaticity is 
commonly found in sinus tachycardia, AV junctional rhythms, 
parasystole, and accelerated idioventricular rhythm. 

Table 

Length of the reentry circuit (conduction velocity x refractory period) 

Normal* Circuit length 4.0 nVsec x 0.3 sec = 1 .2 m 

Macro reentry Circuit length 0.02 m/sec x 0.24 sec = 0.0048 m (j.e.4.8 mm) 

Micro reentry Circuit length 0.001 m/sec x 0.2 sec = 0.0002 m (I.e. 0.2 mm) 

* In normal conduction velocity, a reentry circuit is not possible. 
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63 Triggered Activity 

Triggered activity is directly connected to the previous electri- 
cal cycle and may be manifest as early afterdepolarization 
(during the T wave of the previous repolarization) or as late 
afterdepolarization (after the T wave of the previous repolar- 
ization). The phenomenon may be single or repetitive. 
Triggered activity occurs in the presence of QT prolongation, 
e.g. in conditions of acute ischemia, hypokalemia, in congestive 
heart failure, and digitalis excess. The mechanism in polymor- 
phous VT of the type ‘torsade de pointes’ is probably a combi- 
nation of triggered activity, enhanced automaticity and reen- 
try. For details about pathophysiology see the wonderful EGG 
Tutor produced by Gettes and co-workers [2]. 

64 Electrotonus 

Electrotonus seems to be a basic mechanism for different 
forms of AV dissociation (e.g. isorhythmic, and with interfer- 
ence), not connected with complete AV block. Electrotonus 
probably plays a rule in many arrhythmias like VT and ven- 
tricular fibrillation. However, this mechanism is poorly 
understood overall - a promising subject for further 
research. 

ECG Special 

6.5 Onset of VT 

The initiation of VT may be related to the previous rate, espe- 
cially in patients without structural heart disease. The auto- 
nomic nervous system may play an important role [3]. In 
adrenergic-dependent VTs, the previous sinusal rate increases. 
Decreased heart-rate variability enhances the arrhythmia. It 
has also been observed that VT may be immediately preceded 
by a long R-R interval (by decreased sinusal rate or a postex- 
trasystolic pause), thus leading to the short-long-short coupling 
intervals (ECGs 26.14 and 26.15) that may be based on the 
‘bigeminy rule’. The second ‘short’ coupling corresponds to the 
first VT beat. 

Occasionally the VT begins with a fusion beat (ECG 26.16). 

7 Types of Ventricu tar Tachycardia 

Several morphologically different types of VT are distinguish- 
able, often differing in etiology and clinical significance. These 



are monomorphic VT; polymorphic VT with torsade de pointes 
and without torsade de pointes; and special types of VT. 

7.1 Monomorphic VT 

Besides the common form of VT with an atypical LBBB or 
RBBB pattern, mainly due to coronary artery disease (CAD) 
and other cardiomyopathies, two special ‘subtypes’ with char- 
acteristic morphology and etiology have gained attention in 
recent decades. 

i. The ECG in monomorphic VT in patients with arrhythmo- 
genic right ventricular dysplasia [4,5,6] often show VPBs 
and episodes of VT with an LBBB-like pattern (ECG 26.17). 
The so-called epsilon wave is a typical sign for this condi- 
tion and may occasionally be seen in routine ECGs with 
sinus rhythm in lead Vj. ECG 26.18 shows an epsilon wave in 
a patient with sarcoidosis, involving the right ventricle 
(confirmed by biopsy). 

ii. Monomorphic (idiopathic) VT in young patients without 
structural heart disease [7,8,9] is the other type. Often the 
arrhythmogenic substrate is situated in the right ventric- 
ular outflow tract (RVOT). In these cases the ECG is char- 
acterized by an LBBB-like pattern with a vertical QRS axis 
(ECG 26.7). Idiopathic VT arising in the left ventricle, 
identical to fascicular tachycardia, is much rarer. It is 
found predominantly in young men and was first 
described by Zipes et al [10]. Its origin is generally found 
in the region of the left posterior fascicle and consequent- 
ly there is a pattern of RBBB and left-axis deviation 
(ECG 26.19). In some rare cases the origin is localized in 
the left anterior fascicle. The ECG is then characterized by 
a pattern of RBBB and right-axis deviation. The QRS in 
the left posterior fascicular type is relatively small 
(< 140 msec). All types of idiopathic tachycardia respond 
to calcium antagonists (e.g. verapamil) but also to fle- 
cainide, sotalol, and amiodarone. 

73 VT of the Type Torsade de Pointes 

This type was first described by Dessertenne in 1966 [11] and 
has been discussed in At a Glance section 2.2. The acquired 
form, due to various conditions, occurs more frequently than 
the congenital forms, the Romano-War d syndrome (without 
deafness) [12,13] and the Jervell and Lange-Nielsen syndrome 
(with deafness) [14]. Viskin published an excellent review 
about this subject [15]. 
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73 Polymorphic VT Without Torsade de 
Pointes 

In its nonsustained form, this arrhythmia occurs during rest or 
at exercise, often indicating heart disease, generally as poly- 
morphic triplets. 

Its sustained form is connected with a severely depressed 
ventricular function and is associated with a very bad progno- 
sis. 

1 A Special Types of VT 

Other types of tachycardia (parasystolic VT, bidirectional VT, 
double tachycardia) are extremely rare. 

7A1 Parasystolic VT 

Parasystolic VT is characterized by a regular interectopic inter- 
val, a variable interval of the parasystolic beats to the beats of 
basic rhythm and fusion beats. Intermittent failure of parasys- 
tolic beats to manifest is due to exit block (type i or 2) and may 
make the diagnosis difficult. 

1A2 Bidirectional VT 

Bidirectional VT may be seen in patients with severe heart dis- 
ease or digitalis intoxication [16,17]. The EGG is characterized 
by alternations of ventricular complexes with opposite axis 
deviation. The origin of the VT is found in the first part of the 
left bundle branch or in the His bundle, the left ventricle is 
alternately activated over the left anterior and left posterior 
fascicle. EGG 26.20 shows a typical example. In this young 
patient, the tachycardic episodes could be provoked by exercise 
as well as by infusion with isoprenalin. 

743 Double Tachycardia 

Double tachycardia is the combination of VT and SVT (atrial 
or AV tachycardia). The ventricles are activated by the ventric- 
ular ‘focus’ and the atria follow the supraventricular tachycar- 
dia. Ventricular capture beats with the supraventricular 
rhythm may occur. In general double tachycardia is only 
detected with the help of oesophageal or intra-atrial leads. 
Double tachycardia during exercise was described by Eldar et 
al [18] in one patient with GAD and in two young individuals 
with no apparent heart disease. 

lAA Accelerated Idioventricular Rhythm 

Accelerated idioventricular rhythm is generally not a tachy- 
cardic arrhythmia and occurs mainly in acute MI, especially 



during thrombolysis [19] and in the first 24 hours after coro- 
nary bypass operations. As the following case report demon- 
strates it may be difficult to classify a VT, and a VT may even 
need an unconventional therapy. 

Short Story/Case Report 1 

One Saturday morning in 1989 a 54-year-old man with a his- 
tory of two Ml was hospitalized because of left heart failure 
that was confirmed by clinical findings and x-rays. Blood 
pressure was 9o/7<5 mmHg. The ECG showed a monomor- 
phic ventricular tachycardia with a relatively slow rate of 
120/min (ECG 26.21a). In a retrospective analysisi AV dissoci- 
ation could be detected^ with an atrial rate only a few beats 
below the VT rate. Left ventricular function seemed to be 
severely impaired (M-mode echo). The VT neither respond- 
ed to lidocaine nor amiodarone» intravenously. In another 
attempt to restore sinus rhythm, five DC shocks were applied 
without success. On the Monday morning, the patient’s gen- 
eral state was dramatically impaired, he was in shock with 
anuria and blood pressure of 70/50 mmHg. His arrhythmia, 
about 120 beats/min, had persisted for 48 h. 

This case of relatively slow VT, unresponsive to antiar- 
rhythmic drugs and DC shock, was discussed again, and it 
was decided to evaluate the effect of atrial overpacing as 
‘ultima ratio’. The cardiac index (determined by thermodi- 
lution) was 1/m^. Right atrial pacing was successful at a 
rate some beats above the VT rate, with a PQ interval of 
0.2 sec and a bundle-branch block pattern (ECG 26.21b). In 
the following 20 min, blood pressure slowly rose to 
100/70 mmHg, the cardiac index increased to 4-2 1/m^, and 
the patient was more alert. His cardiac state stabilized under 
constant atrial pacing, and 4 h later diuresis recovered. 
During repetitive short interruption of pacing, VT at a rate 
of 120/min reappeared immediately, with a rapid fall of 
blood pressure. Two short episodes of sinus tachycardia at a 
rate of 120-122/m in were also observed. After 16 h the 
arrhythmia stopped, without using an antiarrhythmic drug. 
Coronary angiography revealed severe three- vessel disease 
and a left ventricular ejection fraction of 30%. The patient 
was operated on the next day (four hyp asses), recovered, and 
was still alive 8 years later [20]. 

To conclude, in this patient with severe CHD, cardiogenic 
(arrhythmogenic) shock was reversible by atrial overpacing 
of a low rate VT - an apparently life-saving procedure. The 
VT may be classified as a relatively slow ‘common’ mono- 
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morph ic VT or as an accelerated idioventricular rhythm, 
extremely atypical in duration and (high) rate. The VT^ unre- 
sponsive to drugs and electroconversion, supports the latter 
diagnosis. (The method of atrial overpacing in VT was 
already described by Easly and Goldstein in 1968 [21],) 

8 Differential Diagnosis of Regular 

Monomorphic Wide QRS Complex' 
Tachycardias: VT versus SVT with 
Aberration 

8.1 General Remarks 

Before leaping to the details of the EGG, it is convenient (also 
for experienced arrhythmia readers) to consider some general 
conditions of patients with a ‘wide QRS complex’ tachycardia. 

8.1 .1 Age and Prevalence 

The older the patient, the more probable VT is. Occasionally 
atrial flutter with aberration (especially with a previously 
abnormal EGG) may cause diagnostic difficulties. The WPW 
syndrome is rare in the elderly. 

In young patients, supraventricular tachycardias with aber- 
ration (SVTab) are more frequent than in older patients and 
may be connected with the WPW syndrome. However, many 
conditions are responsible for the preponderance of VT over 
SVTab, also in young patients. These include: 

i. myocardial infarction 

ii. other LV cardiomyopathies 

iii. RV outflow tract VT 

iv. VT in right ventricular arrhythmogenic dysplasia 
V. malignant VT in Brugada syndrome 

vi. fascicular tachycardia, especially in men. 

Overall, VT is far more frequent than SVTab, occurring at a 
ratio of about 10 : 1. 

8.1 2 Underlying Cardiac Disease 

A patient with a significant heart disease, especially with 
involvement of the left ventricle, is much more prone to VT 
than to SVTab. The most frequent etiology of VT is GAD with 
myocardial infarction. Long-term survival is considerably 
impaired [22,23]. A patient with myocardial infarction and 
broad QRS tachycardia, who never suffered from a tachycardia 
before the infarction, has a 95% probability of developing VT. 



However, Tchou‘s [1] results are based on a highly selected pop- 
ulation. 

9 Electrocaidiographic Findings in 

Monomoiphic VT 

9.1 General Findings 

9 . 1.1 AV Dissociation 

AV dissociation strongly favors the presence of VT. Only in 
automatic junctional tachycardia (which is rare, especially in 
adults) is AV dissociation often present, due to retrograde AV 
block. In cases with aberrant ventricular conduction, a clear 
diagnosis can only be made with the help of His bundle and 
intra-atrial electrograms. The absence of AV dissociation does 
not exclude VT. In about 55% of occurrences of VT, AV dissoci- 
ation is present. In about 25% there is retrograde 1 : 1 atrial acti- 
vation and in 20% VA block 2°, 2 : 1 or Wenckebach, according to 
a study by Akhtar et al [24]. Wellens and Lie [25] published dif- 
fering results on 45 patients, where 11 patients showed AV disso- 
ciation, 29 had retrograde 1 : 1 conduction and 5 had VA block 2°. 
Second degree VA block may be intermittent and its detection 
requires careful examination. Again, second degree VA block is 
also seen in automatic junctional tachycardia. 

9.1 2 Fusion Beats and (Ventricular) Capture Beats 

These phenomena are generally linked to the presence of AV 
dissociation. Both fusion beats (EGG 26.3b) and ventricular 
capture beats are rare, even in VT with a relatively slow rate. A 
long rhythm strip enhances the chance of detecting such a 
beat, confirming the diagnosis. Occasionally the VT begins 
with a fusion beat. The first beat of the VT in EGG 26.16 repre- 
sents a fusion. The VT is stopped by the increase of the rate 
because the impulse in the reentry circuit meets with refracto- 
ry tissue. 

9.13 VA Block!" 

Based on the literature, retrograde AV block 2° occurs in 
io%-20%. In practice, we have observed VA block 2° in only a 
few percent, although considering long rhythm strips, in 
many cases. Retrograde 2 : 1 AV block is more frequent 
(EGGs 26.4a and 26.5) than retrograde Wenckebach block 
(EGG 26.6). 

92 A Rate 

The rate in VT is overall extremely variable and is useless for 
distinguishing SVTab. However, a rate of 130-160/min is always 
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suspicious for atrial flutter with 2 : i AV block, where the flut- 
ter waves are hidden within a typical bundle-branch block pat- 
tern. Flutter may be unmasked by carotid artery massage in 
some cases. 

9.15 Regularity 

Monomorphic VT is said to be regular or slightly irregular. 
However, any irregularity is often minimal and detectable in 
only a few cases (by comparing several cycles - with the help of 
a pair of dividers - with the same number of other cycles). 
Moreover, also SVTab may be slightly irregular, in some cases. 
Note that a patient with SVTab may show a rate of 178/min and 
1 h later a rate of 170/min. The same behaviour of the rate may 
be found in patients with VT too (also in untreated patients). 

9.1*6 Comparison of "Wide QRSTachycardia ECG 
with a Previous ECG Without Tachycardia 

whenever possible the wide QRS tachycardia ECG should be 
compared with a. previous ECG without tachycardia. Often this 
is decisive for correct diagnosis. Consider the following exam- 
ples: 

i. The previous ECG shows ventricular premature beats with 
the same QRS configuration that is present during tachy- 
cardia. The diagnosis of VT is sure - if the PBs are really of 
ventricular origin (!). 

ii. The previous ECG (without tachycardia, mostly sinus 
rhythm) shows the same wide QRS configuration (that 
means a bundle-branch block) as the wide QRS complex 
tachycardia; the diagnosis of SVTab is sure. 

iii. The previous ECG shows an LBBB and the wide QRS com- 
plex tachycardia ECG shows an RBBB-like pattern (or vice 
versa); the diagnosis of VT is sure. Explanation: a bundle 
branch, blocked at a low rate, will not conduct at a high rate. 
Caution: very rarely, in the previous ECG (without tachy- 
cardia) we find an RBBB and during tachycardia a pattern 
of RBBB + LAFB, simulating an LBBB pattern in the limb 
leads. However, VT patterns are seen that simulate aberra- 
tions such as RBBB + LAFB or RBBB -H LPFB (see both sec- 
tions 2.1 and 7.1 on idiopathic and fascicular VT). 

iv. If the Q or QS pattern of MI in the previous ECG (without 
tachycardia or RBBB) does not or only minimally changes 
during the wide QRS tachycardia, showing an RBBB pat- 
tern, SVTab is very probable (although, statistically VT is 
much more probable in a patient with MI). 

V. If the frontal QRS axis does not change between the previ- 
ous ECG {without RBBB) and the first 60 msec of the QRS 



complex during wide QRS tachycardia with an RBBB pat- 
tern, SVTab is probable. 

92 QRS Criteria 

9.2.1 QRS Duration 

A QRS duration > 0.16 msec strongly favors the diagnosis of 
VT. In SVT with aberrations (SVTab), the QRS duration is gen- 
erally below 0.15 sec. 

Note: antiarrhythmic drugs (especially of class la), ventric- 
ular hypertrophy, and severe hyperkalemia may prolong QRS 
duration considerably, e.g. from 100 to 140 msec or more 
(Chapter 16 Electrolyte Imbalances and Disturbances). 

9.2 J Frontal QRS Axis 

In RBBB-like patterns, the frontal QRS axis (AQRSp) does not 
allow distinction between VT and SVTab. In LBBB-Iike pat- 
terns a frontal axis in the upper right quadrant (between - 90° 
and -h 180°) favors the diagnosis of VT. Differential diagnosis: 

i. SVT with RBBB -H LAFB, SVT with LBBB 

ii. SVT in the WPW syndrome (antidromic type or BBB). 

9 .2.3 Morphologic QRS Criteria 

Morphologic criteria are used preferentially for differentiating 
between VT and SVTab, and they often represent the climax of 
teaching courses about arrhythmias. However, the patterns of 
MI and left and/or right ventricular hypertrophy are generally 
not integrated in these criteria. Used in isolation, these criteria 
lack sufficient accuracy. Also very experienced rhythmologists 
reach an accuracy of only about 80% if they do not consider 
other ECG features mentioned (e.g. AV dissociation, fusion 
beats, second degree VA block) and anamnestic and clinical 
findings. 

The following rule is often proposed: a typical RBBB or 
LBBB pattern favors SVTab, whereas an atypical mono- or 
bifascicular bundle-branch block pattern favors VT. This rule 
is valid about 80% of the time. 

The ECG signs, provided in Table 26.2, for differentiating 
between VT and SVTab are based on the literature and on our 
experience. Points 9.2.3a to 9.2.3g present typical features of VT 
and possible different diagnosis. 

9.23a Negative QRS in All Precordial Leads 

ECG 26.22a shows an example of negative QRS in all precordial 
leads. ECG 26.22b shows the QRS configuration of the same 
patient in sinus rhythm. 



452 



9.2.3b Positive QRS in All Precordial Leads 

See EGG 26.23. Differential diagnosis: SVT in the WPW syn- 
drome with antegrade activation of the ventricles, over the 
accessory pathway (rare). 

9.2.3c High Voltage ofQRS in Precordial Leads 

V2/V3/V4 

Besides giant QRS amplitude in to the EGG 26.24 pro- 
vides other typical signs for VT. Differential diagnosis in other 
cases: WPW. 

9.2.3d Pre-existing Bundle-Branch Block 

Alteration of BBB indicates VT; unchanged configuration indi- 
cates SVT. 

9.2.3e Cases with LBBB-like QRS Configuration 

i. r wave in V^/V^ >0.03 sec or/and 

ii. duration of onset QRS to nadir of S wave > 0.07 sec (Nadir 
sign) 

iii. Q wave in V^. Differential diagnosis: SVTab with extensive 
lateral MI. 



9.2.3f Cases with RBBB-like Configuration 

QS in V5 and/or aVR This sign is very reliable for the diagno- 
sis of VT. However, no rule without exception (see Short 
Story/Gase Report 2). 

9.2.3g QRS configuration in RBBB, in lead 

The proposed different QRS morphologies that should allow 
differentiation between VT and SVTab are unreliable in many 
cases, because the QRS configuration is variable in the aberra- 
tions. The QRS morphologies are: 

i. A monophasic notched purely positive QRS does not 
exclude SVTab. About 30% of common RBBB aberrations 
show this pattern, that is also seen if lead V^ is attached 
somewhat too high and too far to the right. 

ii. A qR complex does not exclude SVTab and is encountered 
in anteroseptal MI, in RVH, and in acute pulmonary 
embolism. 

iii. An Rs complex may be observed in VT and in SVTab. 

iv. Only in the presence of an rsR' configuration (typical for an 
antegradely blocked right bundle) can VT be excluded reliably. 



Table 26.2 

ECG differentiation between ventricular tachycardia (VT) and supraventricular tachycardia with aberration (SVTab) 



|VT 


SVTab 1 


• AV dissociation 


• 


No AV dissociation 


• Fusion beats 


• 


Rarely fusion beats in WPW tachycardia 


• Retrograde AV block ( VA block) 2* [2 : 1 block or Wenckebach) 


• 


No VA block 2^ 


QRS 


* Purely n egative QRS in V ^ to V^ 


• 


Never seen in SVTab 


• Purely positive QRS in V| to V^ 


• 


Only in antidromic WPW tachycardia 


• QRS amplitude strikingly high 


• 


Very high QRS amplitude only in rare cases of WPW tachycardia 


• QRS duration ^ 160 msec 


• 


QRS s 160 msec only in severe LVH or RVH or hyperkalemia 


• Superior QRS axis 


m 


Other than superior QRS axis (exception: LBBB, RBBB +LAFB, 
antidromic WPW) 


• In the presence of BBB pattern in sinus rhythm: different BBB pattern 
during tachycardia 

* QRS i n VT si mi la r to VPB in si nus rhyth m >» u nrel i a ble (see 9. 1 .6J) 


m 


In the presence of BBB pattern in sinus rhythm: 
identical BBB pattern in tachycardia 


LBBB-tike morphofogy 


• Madir sign ^ 70 msec [lead V 1 /V 2 ) 




Nadir sign S 60 msec 


• Q wave in lead V^ 


« 


No Q wave in leadV^ 


RBBBdike morphotogy 


* QS conff g u rati on in leads a nd a VF 


* 


NoQSinV^and aVF 


• Mono- or biphasic QRS in lead V^ (R, QR, RS) »> unreliable (see 9.2.3g) 


* 


Any QRS configuration in frsR' type strongly favors SVT!) 


Note: The signs for VT are highly specific but show low sensitivity (see text) 


Note: Many signs for SVT do nof exclude VT (see text) 



LAFB, left anterior fascicular block; LBBB, left bundle-branch block; LVH, left ventricular hypertrophy; RBBB, right bundle-branch block; RVH, right ventricular hypertro- 
phy; SVT, supraventricular tachycardia; VPB, ventricular premature beat; VT, ventricular tachycardia; WPW, Wolff-Parkinson-White syndrome. 
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Short Story/Case Report 2 

In December 2000 a 71-year-old man was admitted to hospi- 
tal after several episodes of syncope. He had a regular pulse 
of 180/min and suffered from mild dyspnoea at rest, due to a 
lung disease* The ECG showed a regular wide QRS tachycar- 
dia with a rate of 180/min. The clinical diagnosis was pul- 
monary hypertension due to severe obstructive lung disease 
(due to heavy smoking). The patient had amiodarone for 
intermittent atrial fibrillation. There was no history for CAD; 
the coronary angiogram 4 years previously was normal. 
Based on the RBBB-like pattern with a purely positive deflec- 
tion in Vj and - especially ^ a QS complex in (and V^) and 

aVF, the diagnosis of VT was made (ECG 26.25). Lidocaine 
was without effect, and carotid sinus massage did not influ- 
ence the tachycardia. Electroconversion was successful after 
the third attempt, with 360 Joules. The echo showed severe 
hypertrophy and dilatation of the right ventricle, and LV 
function was normal. During electrophysiologic investiga- 
tion, no VI could be induced. However rapid atrial stimula- 
tion provoked atrial flutter type II with 1 : 1 conduction and a 
rate of 180/min, but without aberration. During catheter 
manipulation at the right side of the interventricular septum, 
functional RBBB was induced. The ECG then showed exactly 
the same QRS configuration in leads V^, V^/V^ and aVF as 
during spontaneous pseudo-VT, that was unmasked as atrial 
flutter with 1 : 1 AV conduction and RBBB aberration. The AV 
node was ablated and a pacemaker implanted. 

Discussion: retrospectively, the QS complex in the lateral 
leads (and in aVF) was explained by the combination of 
severe RVH (and dilatation) and complete RBBB, both 
reducing the amplitude of the R wave in these leads - in this 
case up to zero. 

Especially in very fast tachycardias, differential diagnosis may 
be very difficult or impossible, e.g. the differentiation between 
VT and SVT in the WPW syndrome. In some cases of VT at a 
high rate (> 220/min), depolarization and repolarization cannot 
be distinguished any more, the morphology is equal to ventric- 
ular flutter. Although this pattern is very suspicious for VT, it is 
also seen in SVT in association with the WPW syndrome, e.g. in 
1 : 1 conducted atrial flutter over the accessory pathway. 

The currently used flow diagram by Brugada et al [26] for 
differentiation between VT and SVTab is based on 384 patients 
with VT and 170 patients with SVTab, investigated with elec- 
trophysiology. Grimm et al [27] investigated 240 cases with 



wide QRS tachycardias, comparing those ‘new’ criteria with the 
‘old’ ones published by Wellens et al in 1978 [28] and found 
identical results. The specificity in RBBB-like QRS was 72% 
with Brugada’s criteria, and 70% with Wellens’ criteria, and in 
LBBB-like QRS 87% with both methods. 

A critical analysis was recently published by Alberca et al 
[29]. Based on the results of 232 patients with wide QRS tachy- 
cardias, they found a specificity of > 90% in only 5 of 12 crite- 
ria analysed: 

i. triphasic QRS in V^ (rsR’, also including Rr’) in an RBBB- 
like pattern (for SVTab) 

ii. QS, QR or R pattern in V^ in an RBBB-like pattern (for VT) 

iii. any Q wave in V5 in an LBBB-like pattern (for VT) 

iv. a concordant pattern in all precordial leads (for VT) 

v. absence of RS complex in all precordial leads (for VT). The 
‘Nadir sign’ had a specificity of only 66%, however, due to the 
low limit of 0.06 sec, instead of > 0.07 sec (in our opinion). 

Griffith et al [30] have chosen another diagnostic approach in 
102 patients with wide QRS tachycardias (QRS > 0.11 sec). They 
classified a tachycardia as SVTab if a typical bundle-branch 
block was present. VT was diagnosed in the cases with differ- 
ent patterns. The criteria and results are not completely con- 
vincing however. 

1 0 Misdiagnoses of Wide QRS 
Tachycardias 

10.1 VT Misdiagnosed as SVTab 

Several publications illustrate that drug therapy of a VT misdi- 
agnosed as SVTab maybe deleterious [31,32]. 

10.2 DHTerentiation Between Wide 
Complex Tachycardias (especially VT] 
and Artifacts 

Misdiagnosis of artifacts mimicking VT has been known about 
since 1970 at least [33]. In a recent publication Knight et al [34] 
demonstrated the true size of this problem. The authors sam- 
pled 12 cases of artifacts that more or less simulated a VT, 
which had partially erroneous diagnostic and therapeutic con- 
sequences, culminating in the implantation of a cardioverter 
defibrillator (ICD) device in a 41-year-old woman with presyn- 
cope but no heart disease. 
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Table 1S3 

Differentiation of VT (without artifacts) from pure artifacts (simu- 
lating VT) 



Signs for VT 



ECG: 

• No interference with other rhythms (during tachycardia) 

»> Absence of 'notches' (see Signs for Artifacts (below)) 

• Depolarization and repolarization distinguishable in most cases 

• Beginning of the tachycardia with a VPB with: 

- configurationsimilarorequaltothefollowingQfiS 

- onset at a reasonable distance from the last SV beat 
{especially not falling into the absolute refractory period) 

• Post-tachycardia pause 

Clmknl md genera! condsiiom: 

• Often symptoms during tachycardia 

• Often presence of heart disease 

• No si mu ttaneous mechanical ma neuve r 

• Well -fixed el earodes 



Signs for Artifacts (simutating VT) 



E€G: 

• Co ntin uous basic rhyth m d uring a rtifacts 

»> Presence of 'notches' at identical intervals, corresponding to basic 
rhythm (detectable best with the help of dividers) 

• Depolarizatio n a nd repola rization not dearly detecta ble 

• Beg i nning of t he 'tachycardia' [unp hysEological ly) with : 

- a pseudo VPB (1 ) aty pical morphology; (2) onset often too 
early, falling into the absolute refractory period 

- witho ut VPB 

• E nd of the Tachycard ia' (un phy si ological ly ) with : 

- the first su pra vent ricu la r beat after the 'VT' often fa ils into 
the 'absolute refractory period' of the last 'VT' beat. The 
post-tachycardia pause is often lacking 

• Often excessive rate 

Qmkal and genera! conditions: 

• No symptoms during 'tachycardia' 

• Often absence of hea rt disease 

• Often simultaneous mechanical maneuver 

• Qccasiona I ly inco nsta nt electrode-ski n co ntact 

SV; supraventricular; VPB, ventricular premature beat. 



The reason for artifacts that consist in formally wide ‘QRS’ 
sequences often remains unclear. However in a substantial 
number of cases the artifacts are produced by teeth-brushing 
and physiotherapeutic manipulations or by inconstant 
skin-electrode contact. EGG 26.26 and EGG 26.27 show a pseu- 
do-VT of two patients, while brushing their teeth, with an 
astonishingly high rate of about 300/min. Table 26.3 lists the 



EGG signs and general conditions that allow differentiation 
between VT and artifacts. The main characteristic is the pres- 
ence of a basic rhythm during ‘VT’, recognizable by regular 
‘notches’ (EGG 26.28). In particular, the beginning and end of 
the ‘tachycardia’ should be examined with caution. In doubtful 
cases, e.g. in the case of an irregular basic rhythm (as in atrial 
fibrillation) and in the absence of ‘notches’, a cautious evalua- 
tion is needed. It is bad enough to mistake an artifact for a VT 
- it may be deleterious to take a VT for an artifact. 

1 1 Final General (and Therapeutic) 
Considerations 

In spite of the considerable progresses during the last two 
decades, in the differentiation between VT and SVTab, on the 
bases of morphologic criteria in the 12 leads EGG, we would 
like to state: 

i. The accuracy of the ‘morphologic’ method hovers around 
85%. Would the reader be happy to be treated for a poten- 
tially life-threatening arrhythmia based on a probability of 
85%? 

ii. It is mandatory to consider criteria other than morpholog- 
ic ones, such as the history and clinical findings of each 
patient. Comparing the tachycardic EGG with a previous 
EGG without tachycardia is very helpful. 

iii. Long rhythm strips sometimes allow detection of VA 
block 2°, fusion beats, or capture beats. 

iv. The presence or absence of AV dissociation can easily be 
determined using an oesophageal or an intra-atrial elec- 
trode. 

V. In selected cases the correct diagnosis is made by electro- 
physiologic testing. 

vi. If the diagnosis cannot be made with 100% reliability, DC 
conversion is preferred as a first therapeutic approach - no 
drug-cocktails, please. 

vii. Let us enjoy future lectures by arrhythmia experts about 
morphologic criteria. We know that they know the true 
diagnosis already (based on previous electrophysiologic 
investigations). Anyway, we will continue to study these 
ECGs with passion and enjoyment. Dealing with complex 
arrhythmias is an intellectual challenge; cardiology images 
(coro, echo, CT, MRI) are useful and often important, but 
generally boring (intellectually). 
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ECGZ6.1 

40 y/f. Palpitations. ECG (leads I, II, III; paper speed 10 mm/sec): no/isustained (monomorphic) VTs. 




ICG 26.2a 

72 y/m. Respiratory insufficiency. Monitor lead (lead II): VT, 
rate 220/min. Note the post-tachycardia pause. 



ECG 26.2b 

Same patient. Monitor lead: VT, rate 182/min, with different 
QRS morphology and shorter post-tachycardia pause. AV dis- 
sociation: before the second and before the last VT QRS, a 
p wave is detectable; another is hidden within the second 
(higher) deflection of the forth QRS (arrows). 



457 



Chapter 26 ECGs 




I 1 0 A A ^ 9\ mm/mU A a A 

A/v/^W'V'v^ vV\m AA'Y 



u 



III 



V2 





A. 



A 




A 




aVR 







aVL 



A^ A-\A 

AAAVv^'VUA — ^ ^ 

I , I Aj"'kAAAA/Aw\. 



aVF 






ECG26.Sa 

70 y/m. Old anterior infarction with aneurysm. VT with LBBB-like QRS. QRS duration 160 msec. Ventricular rate 143/min. AV dissociation, 
best recognizable in lead aVF (arrow), atrial rate 85/min. 'Nadir' sign in lead is 90 msec. Note: the transition zone is similar to aberration, 
with quite abrupt change of negative to positive QRS in V 4 /V 5 , possibly due to old anterior infarct. 
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ECG 263b 

Same patient, limb leads: VT with LBBB-like QRS. Ventricular rate 164/min. AV dissociation; atrial rate 123/min (small arrows). Fusion beats 
(big arrows), with shorter duration and different configuration, preceded by p waves (hidden within the T wave). Another proof for ventric- 
ular origin of the tachycardia is the LBBB-like pattern in this patient with RBBB-i-LAFB aberration in sinus rhythm (ECG 26.3c). 
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ECG26.Sc 

Same patient. Sinus rhythm (rate 69/min). LAFB + 
RBBB. Extensive old anterior infarction, ST elevation 
(V 2 to V 4 ) due to aneurysm. 
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ECG 26.4a 

76 y/m. CAD, history of two unlocalizable infarctions. VT with RBBB-like QRS. QRS duration 1 20 msec. Ventricular rate 236/min. 
Retrograde 2 : 1 AV block (2 : 1 VA block), best detectable in leads aVF and III (arrows). Atrial rate 1 18/min. 
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ECG2Mb > 

Same patient. Sinus rhythm (rate 65/min). AQRSp - 30°. 
Peripheral low voltage with slightly notched QRS. Absent 
R progression V<| to V 3 . Negative symmetric T waves in 
V 5 /V 5 . No distinct infarction pattern. 

ECG26.S ▼ 

82 y/m. CHD. Monitor lead: VT, rate 1 72/min, with retro- 
grade 2 : 1 AV block (2 : 1 VA block) (see arrows). 
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tCG 26 J 

92 y/f. CHD. Leads V^, V 2 , Vg. VT with RBBB-like pattern and QS complex in Vg. Retrograde AV block 2*^ 
type Wenckebach. 
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ECG 26 J 

36 y/m. Presyncope episodes associated with 
palpitations. ECG: VT, rate 1 90/min. AQRSp + 1 00° 
and the LBBB-like QRS pattern suggest a VT aris- 
ing in the RV outflow tract (confirmed by electro- 
physiologic testing). Note: retrograde AV block 
2 : 1 . 
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ECG 26 J 

Self-limiting polymorphic VT of the type torsade de pointes, rate about 220/min (the first and last beat being normal). 





ECG 26.9 

Rhythm strip: VT of type torsade de pointes 
(not clearly visible in this lead), rate 
> 300/min. Spontaneous conversion after two 
slower ventricular beats, followed by com- 
plete cardiac standstill of 4.16 sec, into a 
supraventricular rhythm. 
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ECG 26.10 

32 y/f. Anorexia nervosa. Potassium 2.2 mmol/l. ECG (continuous stripe): typical VT of the type torsade de pointes during 9.5 sec, with a 
maximal rate of 390/min(!), unusually changing into a supraventricular rhythm with RBBB (or to a regular VT?) at a rate of 176/min, before 
spontaneous conversion into a AV rhythm with AV dissociation, rate about 60/min. 





ECG 16.11 

97 y/m. Terminal heart failure. ECG (continuous monitor stripes): after two slow beats, polymorphic VT without torsade de pointes. Rate 
about 130/min. Degeneration into ventricular fibrillation. 
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ECG26.12 

55 y/f. Aortic valve replacement 7 years previously. ECG (during exercise, 7 MET): sinus rhythm, rate 121/min. Third beat: late VPB. From beat 
7 to beat 1 2: VT at a rate minimally superior to sinus rhythm, with purely positive QRS in all precordial leads. Beat 7 is a fusion beat, typical 
at the beginning (and/or end) of ncce/ernfed idioventricular rhythm. Differential diagnosis: parasystolic VT. 




ECG 26.11 

Accelerated idioventricular rhythm, beginning with the fourth beat. The p wave is visible either immediately before or after the QRS, or is 
hidden within QRS. 
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ECG26.1S 

VT preceded by short-long coupling intervals. 





ECG26.16 

Nonsustained VT of 14 beats, beginning with a fusion beat (arrow) and ending after acceleration (R-R 
interval decreasing from 0.5 sec to about 0.4 sec). 
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ECG207 ECG26J8 

29 y/m. Arrhythmogenic right ventricular cardiomyopathy. ECG: VT, 27 y/m. Sarcoidosis involving the right ventricle. ECG sinus rhythm: 
rate 1 50/min, LBBB-like QRS pattern. epsilon wave in lead (arrow). 
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ECG2fi,19 

32 y/f. Palpitations. Normal echo/Doppler. ECG: left ventricu- 
lar fascicular tachycardia, rate 1 16/min. Origin of VT in the 
left posterior fascicle (confirmed by electrophysiologic 
study). QRS left-axis deviation. Atypical RBBB pattern (cour- 
tesy of Reto Candinas MD). 
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ECG 26.20 

24 y/f. Palpitations. Normal echo/Doppler. ECG: 
bidirectional tachycardia (rate 137/min) with 
typical alternation of the QRS polarity, in most 
leads (courtesy of Thomas Cron MD). 
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ECG 26.21a 

Short Story/Case Report 1 . 53 y/m. Accelerated idioventric- 
ular rhythm, rate 120/min. AV dissociation detectable in 
lead (arrow). 





ECG26JU 

Same patient. Atrial overpacing at a rate of 
122/min (monitor lead). 
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ECG 26 . 22 a 

55 y/f. CAD, CABG. High lateral and 
inferior akinesia. ECG: VT with LBBB- 
like QRS (see lead aVL/l) and addi- 
tionally almost completely negative 
QRS in all precordial leads. QRS dura- 
tion 200 msec. Ventricular rate 
1 31 /min. AV dissociation not detect- 
able. Probable retrograde 1 : 1 con- 
duction (peaked T waves in V^). 
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ECG 26.22b 

Same patient. Sinus rhythm, rate 60/min. Notching of QRS in limb 
leads. Reduction of r wave from V 2 to V 4 . Relatively small R waves 
with slurred R upstroke in V 5 /Vg. No pathologic Q waves. 



ECG2123 

76 y/m. CAD, two-vessel disease with normal LV ejection fraction. 
Atrial fibrillation for years. ECG: VT, rate 180/min. Undefined BBB 
pattern with exclusively positive QRS deflections in the precordial 
leads. QRS duration 140 msec. Atrial fibrillation. Theoretic differen- 
tial diagnosis: antidromic reentry tachycardia in WPW syndrome. 
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ECG 26.24 

44 y/m. CAD without infarction. Presyncope during palpitations. ECG: VT, rate 21 0/min. Signs for VT: (1 ) broad QRS ( VPB) without 
p wave before VT; (2) AV dissociation detectable during VPB (arrow); (3) retrograde AV block 2 : 1 (arrows); (4) giant QRS in V^ to V 3 
(half calibration!); (5) configuration of the first QRS in VT similar/equal to the VPB. 
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ECG2d.26 

Continuous stripe. Pseudo-VT. 
Artifacts during teeth-brushing. 

Rate up to 300/min.The basic 
rhythm (sinus rhythm) is slightly 
irregular (arrow, indicating 'notches' 
that are scarcely visible). However, 
the too narrow 'R waves', the exces- 
sive rate and additional artifacts, for 
instance the shift of the curve off 
the paper, clearly indicate artifacts. 





ECG26J7 

Continuous stripes. Pseudo-VT. 
Artifacts during teeth-brushing. 
Rate about 270/min.The real QRS 
are more distinctly detectable in the 
inferior stripe. 
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ECG 26.28 

Pseudo-VT, due to artifacts. Signs for artifacts: (1) basic rhythm (rate 75/min) with obvious 'notches' during pseudo-VT (small arrows); (2) 
the first (abortive) 'beat' of pseudo-VT falls into the absolute refractory period of the sinusal beat (large arrow). (Details in Table 26.3.) 



478 



Chapter 27 

Exercise ECG 



At a Glance 



In the exercise ECG ischemia is very easy detectable by signifi- 
cant ST depression in leads V 4 to V 5 , with quite good reliability 
(in the condition of a normal ECG at rest). However, to conduct 
exercise testing professionally, the physician must be fiilly in- 
fonned about the important basics - the instruments and equip- 
ment, indications and contraindications, possible limitations, 
about measurement of worldoad in watts or MET (metabolic 
equivalents), and about complications.Therefore,in this chapter 
the section At a Glance is larger than the section The Full Picture, 
and references to the literature are cited in both sections. 

The exercise ECG is still the most widely used screening 
method for myocardial ischemia. A meta-analysis has revealed 
a specificity of 73% and a sensitivity of 68 % [1]. 

Information from the Exercise Test 

The exercise ECG represents the only single method that pro- 
vides important results during physical activity. Besides 
ischemia, the exercise ECG can also be used to assess rhythm 
and conduction disturbances, the behavior of blood pressure, 
work capacity, and the state of body training. Moreover, the 
physician can directly recognize symptoms such as dyspnoea, 
paleness, cyanosis, sweating, and exhaustion. The patient is 
able to give a ‘live’ description of any sensations, such as chest 
pain, that may be typical or atypical for coronary heart disease 
(CHD), or cramps in the legs (Table 27.1). 

1 Indications and Contraindications 

1.1 Indications 

According to the wide spectrum of results obtained by exercise 
testing, the indication for this procedure is not restricted to 
patients with present or suspected CHD (Table 27.2). 



Table 27.1 

Information gained from the ECG exercise test 



1. General information 



* Wo rk capacity: state of body tra ini ng 

* Dyna mic behavior of blood pressure and pulse 
Symptoms 

a. Objective 

* Dyspnoea, paleness, cyanosis, sweating, e:<haustion 

b. Subjective (by live’ description) 

* Quality and intensity of chest pain and pain in the legs; 
dizziness and other symptoms 



2. ECG 



a. Direct signs of myocardial ischemia 

• Oepressionof STin leads V 4 toV^ 

b. Possible signs of myocardial ischemia 

• Arrhythmias 

• Conduction disturbances 



Table 27.2 

Indications for exercise testing 



1. Diagnostic (ischemia, arrhythmias) 



• Differentiation of chest pains 

• Va i idatio n of isch emia i n patients with CH D 

• Diagnosis of ’si lent ischemia' 

« Evaluation of ischemia after coronary revascuEarization 
« Va iidation of a rrhyth mias 



2. Prognostic; risk stratrftcation; follow-up 



• Eval u ation of patients 5- 1 0 days after unco mp i icated M I : coronary 
revascutarization necessary? 

• Eval uation of work ca padty i n patients with CHD, valve disease, CO ngenita i 
heart disease, heart failure 

• Preoperative risk stratification 

« Evaluation of therapy tn cardiac diseases 

• Eval uation of patients with (rate responsive) pacema kers 

Continued on next page 
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Table 27.2 
(Cont) 



3. Noncardiac diseases 



« Respiratory insufficiency 
* U neKpla ined red uced work capacity 

In These conditions the exercise test is combined with spirometry and 
blood gas onaiy^s 

CHD, coronary heart disease; Ml, nnyocardial infarction. 



1*2 Contraindications 

All contraindications must be excluded before an exercise test 
is performed. The criteria for contraindications are quite well 
defined (Table 27.3). Nevertheless, the physician should never 
forget common sense. 

Table 27J 

Criteria for contraindications for exercise testing 



h Absolute aitcria 



• AMI in the first 48 h (consider infarct size and cardiac state!) 

• Unstable angina 

• Arrhythmias with severe tachycardia or bradycardia (e.g. VT, SVT, AF with 
ventricular rate > 120/min, complete AV block with symptoms) 

• Severe aortic valvular stenosis or HOCM 

• Myocarditis, endocarditis (pericarditis) 

• Severe h eart fa ilu re (NYH A IV) 

• Acute pulmonary embolism 

• Chronic severe pulmonary arterial hypertension 

• Severe arterial hypertension (systolic > 200, diastolic > 120 mmHg) 

• Severely impaired general state of any origin 



2. Relative criteria 



• High arterial pressure (systolic > 180, diastolic > 110 mmHg) 

• Arrhythmias (as sa Ivos of VP Ss) 

« Medium degree valvular aortic stenosis and HOCM 

• Left ma in coro na ry sten osi s 

• Mediumdegreechronicpulmonaryarteryhypertension 

• Electrolyte imbalance 

AF, atrial fibrillation; AMI, acute myocardial infarction; HOCM, hypertrophic 
obstructive cardiomyopathy; NYHA, classification of cardiac state/heart failure 
by the New York Heart Association, I being the slightest and IV being the most 
severe/worst; SVT, supraventricular tachycardia; VT, ventricular tachycardia. 

2 Limitations 



Table 17.4 

ECG conditions limiting validity of ischemic ECG response 



1 . I ntrave ntri cuf ar condu ct ion distu rba nee s 



• LBSB 

• WPW pattern 

• RBBB 

• LAFB without or with additional RBBB 



2. Pre-existing pathologic ST/T segment 



• Systolic overload 

• Ischemic 

• Digitalis [2] 

• Beta-blockers L3] 

• Metabolic disorders 

• Female gender? 



3. Miscellaneous items 



• Open heart surgery (during several months?) 

• PTCA (first 48 hours) 

LAFB, left anterior fascicular block; LBBB, left bundle-branch block; PTCA, percu- 
taneous transluminal coronary angioplasty; RBBB, right bundle-branch block; 
WPW, Wolff-Parkinson-White syndrome. 

3 Methods 

There are two methods of exercise testing: bicycle exercise and 
treadmill exercise. In bicycle exercise, work is measured in 
watts. In treadmill exercise, it is measured in MET (metabolic 
equivalents). One MET corresponds to an oxygen uptake for a 
healthy individual at rest of 3.5 ml/kg bodyweight/min. 
Table 27.5 shows the relation between body activity and MET. 
Table 27.6 shows the corresponding values of MET and watts. 



Table 27.5 

Relation between activity and MET (metabolic equivalents) 

1 MET Rest 

2 MET Walking 

4 MET Fastwalkmg 

5 MET Daily work at home 

10MET Running 

13 MET Heavy working 

18 MET Athlete's activity 

20 MET World-class athlete's activity 



Other conditions that do not represent contraindications may 
limit considerably the validity of ischemic ECG response, such 
as pre-existing intraventricular conduction disturbances, or 
pre-existing ST/T alterations (Table 27.4). 
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Tabl^ 27.6 

Corresponding values (approximate) of MET (metabolic equiva- 
lents) and watts 

4 MET 50 watts 

7 MET 100 watts 

9 MET 150 watts 

13 MET 200 watts 

17 MET 250 watts 



In treadmill exercise, the Bruce protocol [4] is used 
(Table 27.7): the workload is augmented by 2-3 MET every 
3 min. With a reduction to 2 min or even 1 min, the steady state 
is not reached in every case. 

Treadmill exercise is more physiologic than bicycle exercise 
and, due to a higher maximum volume of oxygen utilization, 
allows a higher workload [4,5] of 6%-25%. However, ECG arti- 
facts are more frequent. To obtain a valid result, the conditions 
in Table 27.7 should be considered. 

Table 27.7 

Conditions for a valid exercise test 



Exercise limited by symptoms/exliaustion 



• High double product 

• Duration of exercise at least 8 min 
■ Considering all exclusion criteria 



3.1 Exercise Limited by Symptoms 

In general the Borg scale [6] is used where the patient is work- 
loaded up to exhaustion, but the patient is allowed to interrupt 
the exercise of his own free will Table 27.8 shows a modified 
Borg scale, for a healthy 30-year-old man, and for a 70-year-old 
patient with CHD and a left ventricular ejection fraction of 
50%. 

With exercise limited by symptoms, most other important 
conditions assuring a valid exercise test are also fulfilled. 

3.2 Heart Rate 

The heart rate increases during exercise to the so-called maxi- 
mal heart rate that depends on several factors (age, gender, 
stage of training, cardiovascular disease, other disease, drugs 
like beta-blockers). 

As a general rule, maximal heart rate in healthy individuals 
is 220/min minus the age in years. However the maximal heart 
rate alone is no longer acknowledged as a valid criterion for the 



Table 27.8 

Subjective estimate of workload/symptoms in relation to 20 arbi- 
trary steps of workload 



Borg scale 


Healthy 30-year- 
old man 


70-year-old patient with coronary 
heart disease (ejection fraction S0%) 


6 






7 


very, very light 




8 




very light 


9 


very light 




10 




light to somewhat heavy 


11 


rather light 




12 






13 


somewhat heavy 


heavy 


14 






15 


heavy 


very heavy 


16 






17 






IS 


very heavy 




19 






20 


extremely heavy 





exercise test. The submaximal heart rate is defined as 90% of 
the maximal rate. 

33 Blood Pressure 

Exercise leads to an increase in systolic blood pressure, but 
diastolic blood pressure remains more or less unchanged. A 
normal individual may reach a systolic pressure of up to 
220 mmHg. An insufficient increase of systolic pressure is 
encountered in impaired LV ejection fraction, myocardial 
ischemia and obstructive LV cardiomyopathy. A decrease of 
systolic pressure during exercise is dangerous and suggests 
severely impaired LV ejection fraction or severe stenosis of the 
left main coronary artery. 

34 Double Induct 

The double product is given by: heart rate x systolic blood 
pressure. 

It is of outstanding importance in the exercise test. The 
higher the double product, the more valid the exercise test 
(Table 27.9). In the case of an insufficient double product with- 
out significant ST depression, the exercise test has to be inter- 
preted as ‘inconclusive’ for ischemia, not as ‘negative’. 
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Table 27 J 

Quality of exercise in relation to the doubie product 



I Double product 


Qualityofexercise I 


<20000 


Insufficient 


20000-25 000 


Sufficient 


2S 000-30 000 


Good 


>30000 


Very good 



Another rule considers the individual double product at rest. A 
good double product at maximal workload is at least 2.5 times 
the double product at rest. 



3.6 Duration of Exercise 

To reach a ‘steady state’, exercise should last at least 8 min. In 
general an exercise test lasts 12-14 min. 

3.7 Stepwise Exercise versus the Ramp 
Protocol 

With the ramp protocol [4] the workload is increased continu- 
ously^ thus allowing a higher oxygen uptake (and a higher 
workload). However, the difference from a stepwise exercise 
test is not decisively important. 



3.5 Woiidoad and Exercise Capacity 3.8 Criteria for Interruption of the Test 



The maximal workload is only reached in exercise limited by 
symptoms. The normal exercise capacity depends on age, gen- 
der, and stature (Figure 27.1). Its value is below that for maxi- 
mal workload. 



195 - 

190^ 

185 

180 - 

175 ^ 

170 ^ 

165 -^ 

160 -^ 

155 - 



cm 

Body length 




Table 27.10 summarizes the absolute and relative criteria for 
interrupting the exercise test. 

Table 27.10 

Criteria for interrupting the exercise test 



1. Absolute criteria 



• Severe angina »> possib^ acute Ml 

• Systolic blood pressure below value at rest, or decreasing > 20 mmHg 
>» suggesting left main coronary artery stenosis or severely impaired 
LVEF 

• VT 6 beats and/or with symptoms) 

• Has ventri cular fibri Hatton to be m entioned? 

• AV block 3" 

• Ve ntricu lar asystole > 2 sec (extrem ely ra re) 

• Striki ng pale ness or cya nosis 

• Neu rologi c sympto ms [dizzi ness, hea dache, a nd others) 

• Technical problems {e.g. loss of ECG monitoring) 

• Patient i nsists on 1 nterrupti ng 



2. Relative aiteria 



• ST d epression of 3 m m or m ore 

• Increasing angina 

• Rapid ventricular response in atrial flutter/fibri nation {> 1 80/m in) 

• VT < 6 beats 

• Striking increase of VPBs 

EF, ejection fraction; Ml, myocardial infarction, -VPBs, ventricular premature beats; 
VT, ventricular tachycardia. 



150 -* 

Figure 27.1 

Nomogram of normal exercise capacity (Watt) based on age, gen- 
der and body length (derived from [7]). For nomogram based on 
metabolic equivalents (MET) and age in men see [8] and [9]. 



4 Procedure 

4.1 Exercise Preparation 

Note: the exercise test begins before the exercise test! Before an 
exercise test is performed, some conditions related to technical 
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material and to the patient must be fulfilled (Table 27.11). The 
patient’s history, and especially the results of physical exami- 
nation, allow estimation of the exercise capacity, or may indi- 
cate a contraindication. 

Table 27.11 

Preparation of the exercise test 



1. Material 



• Controlled 

• Drugs: adrenaline, lidocalne, atropine (infusion sodium chloride Inciuded} 

• Oxygen mask; breathing bag; oxygen cylinder 



2. Patient 



• Estimatio n of gen era I state 

• Person a I data; statu re; weight 

• Study of history: heart disease; other severe disease 

• Actijoi problem; indicmion for exercise fesf 

« Actual medication (digitalis, beta-bJocker and other drugs] 

• Auscultati on of the hea rt and lungs 

• ECGatrest 

• fliood pressure at res! 



1. informing the patient of the procedure 



4J2 Exercise Procedure 

The procedure itself is performed in relation to the general 
state and cardiac condition of the patient (Table 27.12). 



Table 27.12 

Load in relation to individual state 



1 Patient 


Beginning load 


Load incrcase/min I 


NYHA III 


10 watts 


2 MET 


10 watts 


IMET 


NYHA HI 


20 watts 


2 MET 


20 wans 


1-1,5 MET 


Healthy; age 


25 watts 


2 MET 


25 warts 


1.5-2 MET 


<60 years 











NYHA, classification of the cardiac state by the New York Heart Association. 



The patient undergoes the exercise up to the point of exhaus- 
tion or up to one of the criteria for interruption. For the prac- 
tical procedure the physician’s presence is mandatory 
(Table 27.13). By observing the patient and the ECG on the 
monitor, the presence of ischemia or arrhythmias can be 
detected instantly, and together with blood pressure measure- 
ments may give hints for interrupting the session and per- 
forming therapeutic intervention. 



Table 27.13 

Practical procedure of the exercise test 



Patient’s dui 



• Doing the exercise following ramp protocol or stepwise, 
symptom- limited 



Physician’s duty 



During exercise: 

• Continuous observation of the patient 

• Conti nuous observation of the monitored ECG 

• Measurement of blood pressure at each load (every min) 

• Registration and quick interpretation of the 12-lead ECG at each load 
(every min) 

After exercise: 

• Registration ar>d quick interpretation of the ECG 2 min and 5 min later 
« Measuring blood pressure 2 min and S min later 



In patients who have had no physical training it is preferable to 
continue exercise at a minimal load for 1-2 min. A postexercise 
syncope (due to Venous pooling’ in the legs) can be avoided. 
The postexercise (recovery) ECG serves for the detection of 
ischemia occurring with latency (late ischemia) or, rarely, of 
late arrhythmias. 

ECG 

5 Validation 

5.1 Ischemic Response 

It should be remembered that the specificity and sensitivity of 
the exercise ECG for ischemia are about 73% and 68%, respec- 
tively. Consequently, there are false negative and false positive 
results in a substantial number of patients. 

5.1.1 ST Segment 

By far the most important marker of ischemia during exercise 
is significant ST depression in leads (V^) and V5, of which 
seems to be the most reliable lead. Isolated ST depressions 
in leads other than to Vg, especially in the inferior leads, do 
not indicate myocardial ischemia in most cases, and are often 
found in normal hearts. 

The definition of significant ST depression (indicating 
ischemia) is given in Table 27.14 [7]. 
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Table 27.14 

Definition of significant ST depressions 

• ST depression ^ 1 mm {> 0.1 mV), if ST at rest is isoelectric 

• Additional ST depression & 1 .S mm 0.15 mV) if ST is depressed at rest 

ST depression is measured O.OE sec after the J point (some authors prefer 
0.07 sec at a rate between 1 20 and 1 60/mi n, and 0.06 sec at a rate 

> 1 60/min; so does also the auther of this book) 



A false positive result (significant ST depression that is not due 
to ischemia) is found in pre-existing ST/T alterations, occur- 
ring in patients with left ventricular hypertrophy (LVH), with 
digitalis treatment, or in intraventricular conduction distur- 
bances such as the Wolff-Parkinson- White (WPW) pattern, 
and left bundle-branch block (LBBB). In these conditions, the 
pre-existing ST depression is generally accentuated during 
exercise (also without ischemia). 

ECG 27.1 shows a normal finding at exercise. The ST seg- 
ments in V4 to V5 remain isoelectric, and the exercise test is 
electrically negative. 

ECG 27.2 shows that interpretation of the ST segment is 
sometimes quite difficult because of artifacts, more so with the 
treadmill test than the bicycle test. 

In ECG 27.3 ST depression measures about 1 mm in V^/V^. 
This finding is called ‘borderline’. What should be done in such 
a case? 

i. Increase the workload, if possible 

ii. In a person who is probably healthy (without risk factors), 
tested during a check-up, the test can be repeated after 
6-12 months; in a patient with suspected CHD, stress 
echocardiography or stress scintigraphy should be per- 
formed. 

ECGs 27.4, 27.5 and 27.6 show electrically positive exercise tests, 
all with signs of ‘late ischemia’. Late ischemia is seen in about 
30% of electrically positive exercise tests. ECG 27.6 represents a 
false positive result in a patient 1 day after successful two-ves- 
sel percutaneous transluminal coronary angioplasty (PTCA), 
controlled by repeated coronary angiography. (For exercise test 
after PTCA and coronary artery bypass grafting (CABG) see 
section The Full Picture.) 

In right bundle-branch block (RBBB) pre-existing ST depres- 
sion and T negativity in leads Vj and mostly expand to 
and (rarely to V^) during exercise, without ischemia. A sig- 
nificant ST depression in lead and in the presence of 
RBBB is specific in about 85%, whereas the sensitivity is poor 
(25%-35%). The same is true for RBBB associated with left ante- 



rior fascicular block (LAFB) and for isolated LAFB. In the pres- 
ence of LBBB it is impossible to confirm or to exclude ischemia. 

Significant ST elevation of > 1.5 mm during exercise (not due 
to mirror image) is extremely rare in patients with a normal 
ECG at rest. The phenomenon has been observed in patients 
with exercise-induced coronary artery spasm (ECG 27.7). 

ST elevation due to mirror image of ST depression in systolic 
overload or in LBBB may be accentuated in leads to V^/V^. 

Significant ST elevation during exercise is commonly seen 
in patients with anterior Q wave infarction with aneurysm 
(ECG 27.8). This is not an ischemic response but represents an 
‘ECG bystander’ of increased systolic expansion of the 
aneurysmic region during exercise. 

In the case of persistent or new onset ST depression, and/or 
T negativity after exercise, late ischemia is suspected. It is 
therefore important to check the ECG for at least 6 min after 
exercise. Obvious alterations of repolarization during recovery 
generally confirm a positive test during exercise (ECGs 27.4, 
27.5 and 27.6). In pre-existing abnormalities of repolarization 
(e.g. in LVH), similar ST/T alterations after exercise are diffi- 
cult to interpret. 

5.1*2 TWave 

Negative T waves at rest often become positive during exercise 
(ECG 27.9). This phenomenon is called ‘pseudonormalization’ 
of the T wave. Pseudonormalization may be an ischemic 
response, but in the majority of cases it is not. In patients with 
clinically suspected ischemia and pseudonormalization, a 
more specific test like scintigraphy or stress echocardiography 
should be performed. 

The ‘sign of Lepeschkin’ (increase of T amplitude at exercise 
to > three times T amplitude at rest) is very rare and is not reli- 
able for ischemia detection. 

5.13 QWavi 

Very rarely, in normal individuals, pre-existing Q waves may 
become deeper or new small Q waves may appear. In an rS com- 
plex with a very small r, the r wave may disappear, resulting in a 
QS complex (ECG 27.10). This can be explained by a shift of the 
QRS vector during exercise. Only in extremely rare cases does 
the exercise demasks the pattern of a Q wave infarction. 

5.2 Arrhythmias and Conduction 
Disturbances 

In general, arrhythmias and conduction defects during exer- 
cise may occur with or without ischemia. Ventricular tachycar- 



484 



dia (and of course ventricular fibrillation) and multiple, espe- 
cially polymorphous, ventricular premature beats (VPBs) are 
often of ischemic origin but may also be found in patients with 
other severe heart diseases. An increase of VPBs during exer- 
cise is generally associated with an impaired prognosis [lo]. 
Supraventricular arrhythmias such as atrial flutter, atrial fibril- 
lation, and supraventricular premature beats (SVPBs) may be 
combined with CHD. ECG 27.11 shows a ventricular tachycardia 
(VT) lasting for 12 sec in a young female patient without CAD. 
Conduction disturbances during exercise are rare but clinical- 
ly important. Two cases of AV block 2° are demonstrated in 
ECGs 27.12 and 27.13. For LBBB, RBBB and fascicular blocks see 
section The Full Picture. 

Short Story/Case Report 1 

In 1993 a 42-year-old male technician told his family doctor 
about episodes of fatigue and dyspnoea during exercise. No 
explanation for these symptoms could be found. No exercise 
test was performed. During the next weeks the symptoms 
worsened and the patient was advised to visit a psychiatrist. 
After two sessions the psychiatrist ( 1 ) sent the patient to a 
cardiologist for an exercise test. The clinical findings at rest 
were normal, so was the echocardiogram. The ECG showed 
a complete RBBB. On bicycle exercise, at a load of 100 watts 
and a sinus rate of 146/min, the patient developed AV block 
2 : 1 (drop of ventricular rate to 73/m in), which progressed to 
3 : 1 AV block at 150 watts and a sinus rate of 176/m in, with a 
further slowing of ventricular rate to about 50/min 
(ECG 27.12). The patient complained about dyspnoea and 
weakness, the same symptoms usually experienced during 
exercise. Because there were no risk factors for CHD a coro- 
nary angiography was not performed. The etiology of the 
conduction disturbance was classified as ‘unknown*. With a 
two-chamber (DDD) pacemaker the patient remained free 
of symptoms. 

Another example of exercise-induced AV block 2° type high- 
degree is shown in ECG 27.13, in a patient who had received 
aortic valve replacement. 

53 P'rtfalls 

Table 27.15 summarizes some of the pitfalls that may occur if 
the ECG is not cautiously observed and analysed before, dur- 
ing, and after exercise. 



Table 27.1S 

Mistakes and misinterpretations caused by superficial analysis of 
the ECG 



1. ECG at rest 



* Acute myocardial fnfarction is overiookedl [This may happen) 

• LVH is mi ssed (due to ha If ca tibrati on ?) 

»> false-positive result? 



2. ECG during exercise 



• Artifacts are misdiagnosed as arrhythmias 

• Real heart rate is not recognized (because of false indication on the 
computer) 

• SVT is overlooked (detectable by abrupt Increase of the rate) 

• VT is overlooked (detectable by abrupt increase of rate and 
QR5 alteration) 

• Intermittent RBBB or LBBB is overlooked 

• Intermittent 2 ; 1 AV block is overlooked 



1. ECG during recovery 



• Late ischemia is overlooked 

* I nterm ittent 2 : 1 AV block is m issed (ra re) 

AV, atrioventricular; LBBB, left bundle-branch block; LVH, left ventricular hyper- 
trophy; RBBB, right bundle-branch block; SVT, supraventricular tachycardia; VT, 
ventricular tachycardia. 

6 Complications 

6.1 Severe Cardiac Complications 

These are described in Table 27.16. The literature reports an 
incidence of 10 deaths or myocardial infarction in every 10 000 
tests [11]. Stuart and Ellestad [12] calculated one myocardial 
infarction or sudden death per 2500 patients. During a period 
of 5 years in our clinic we observed over more than 7000 exer- 
cise tests; one patient had an acute anteroseptal infarction, and 
two had ventricular fibrillation (one after VT of the type tor- 
sade de pointes), with complete recovery of the VF patients. 
Two additional patients with acute inferior infarction and 
moderate chest pain were tested, because the ECG at rest was 
not analysed. Exercise was interrupted at 4 MET after severe 
chest pain and progression of ST elevation from 2-3 mm to 
4 mm in the inferior leads. 

Ventricular tachycardia is rare in its sustained form and 
rather common in its nonsustained form (salvos of VPBs). 
Sustained VT is always a reason (nonsustained VT is often a 
reason) for immediate interruption of the exercise, with close 
control of the patient. 

Supraventricular tachycardias at excessively high rates 
(> 200/min) are encountered only exceptionally, e.g. in atrial 
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At a Glance 







flutter with i : i AV conduction, in atrial fibrillation, or in the 
WPW syndrome. 

Decrease of arterial pressure (in some cases combined with 
bradycardia) is observed in patients with severely impaired LV 
function, significant left main coronary stenosis, or severe aor- 
tic stenosis, and may induce severe complications like syncope, 
cardiogenic shock, and ventricular fibrillation. 

6.2 Severe Noncardiac Complications 

These are listed in Table 27.16. Severe noncardiac complications 
are very rare and include cerebral insult and musculoskeletal 
trauma (the latter due to patients falling on the treadmill or off 
the bicycle). Such accidents can be avoided by giving good 
instructions and by closely observing the patient, and by con- 
ducting the exercise with common sense. A postexercise syn- 
cope must be prevented by a period of low-level exercise for the 
last few minutes. 

Table 27.1 6 

Severe complications 



1. Cardiac 



• Death d ue to acute i nf arctic n and/or lethal ar rhythm i a 

• Acute infarction 

• Cardiogenrc shock 

• High-rate ventricular tachycardia 

• High-rate supraventri cular tachycardia 



2. Koncardiac 



• Cerebralinsult 

* Musculoskeletal trauma 



The Full Picture 



7 Specificity and Sensitivity 

Several meta-analyses reveal some differences in specificity 
and sensitivity, comparing the results of patients with or with- 
out LV hypertrophy, with or without ST depression at rest, and 
with or without digitalis. The highest specificity (84%) was 
found in patients without ST depression at rest, the lowest 
(69%) in patients with LV hypertrophy. 



6.3 Common Nonsevere Complications 

Multiple VPBs, isolated or in couplets are seen quite common- 
ly. Polymorphous VPBs, associated with an impaired prognosis 
are also occasionally observed. The decision for continuing or 
interrupting exercise depends on the individual situation. 

Elevation of systolic blood pressure to > 230 mmHg and/or 
diastolic > 120 mmHg is an indication for interrupting the 
exercise. 

64 Rare Nonsevere Complications 

Supraventricular arrhythmias with a relatively high rate 
(150-200/min) are occasionally seen in atrial fibrillation and in 
atrial flutter with 2 : 1 AV block. AV nodal reentry tachycardia 
is very rare. 

AV block (in most cases 2 : 1) generally occurs in patients 
with pre-existing bundle-branch block. 

A new bundle-branch block indicates CHD in about 50% of 
cases (see ‘The Full Picture’). 



Patients without LV hypertrophy and without digoxin had a 
relative high sensitivity of 72%. Patients without myocardial 
infarction had the lowest sensitivity. 
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ECG Special 

8 Exercise in Pre-existing Bundle- 
Branch Block and Left Anterior 
Fascicular Block 

LBBB is generally acknowledged as exclusion criterion for the 
detection of ischemia in exercise. Recently Ibrahim et al [13] 
published a new index, based on 41 patients (34 with CHD): ST 
depression > 0.5 mm (!) in II/aVF, measured at the J point, 
together with an increase of the R amplitude in lead II. In our 
opinion it would be surprising if a minimal ST alteration in 
lead II and/or aVF indicated ischemia, because of the variable 
frontal QRS axis (AQRSp) in LBBB and for other reasons. 

In RBBB, all of the larger studies reveal good-to-excellent 
specificity and a sensitivity that is insufficient to very low. Yen 
et al [14] found a specificity of 87% and a sensitivity of 27% in 
133 patients; Wangsnes and Gibbons [15] found values of 82% 
and 57%, respectively, in 82 patients. None of the 40 asympto- 
matic patients (all had coronary angiography; 12 had CHD) 
studied by Whinnery et al [16] showed a positive exercise test. 

For the first time patients with pre-existing LAFB or 
LAFB + RBBB were recently studied by Rimoldi et al [17], with 
technetium-99m sestamibi as a ‘gold standard’. In 41 cases with 
LAFB, specificity and sensitivity were 94.3% and 33.3% respec- 
tively, and in 28 cases with LAFB + RBBB they were 82.3% and 
63.6% respectively. Similar to the condition of RBBB, the speci- 
ficity was good and was associated with very low sensitivity in 
isolated LAFB. ECG 27.14 shows a false negative exercise test in 
the presence of LAFB {occuiiing, frequently), ECG 27.15 a true 
positive exercise test (a rare result). False negative results were 
found in particular in cases with R < S in and (a common 
finding in LAFB). A possible explanation for this is that the 
ischemic ST vector points in the opposite direction to the main 
QRS vector. At least partially, the same explanation could also 
apply for the false negative results seen in RBBB, with a small 
R wave in V^/V^. Indeed, we have seen cases with RBBB and/or 
LAFB and scintigraphically proven ischemia where the ST seg- 
ment in and was slightly elevated during exercise. 

9 New Bundle-Branch Block During 
Exercise 

Opinions about the relation between exercise-induced bundle- 
branch block and coronary artery disease are contradictory. 
Williams et al [18] report a 70% incidence for LBBB and 100% 



incidence for RBBB. Other authors found a significantly less 
strong relationship [19,20]. The prognosis of exercise-induced 
bundle-branch block depends, as in chronic bundle-branch 
block, on the underlying disease [21,22,23]. LBBB occurring dur- 
ing exercise may provoke chest pain [24]. Thallium-201 scintig- 
raphy, technetium-99m sestamibi SPECT (single photon emis- 
sion computed tomography), or N-ammonium positron emis- 
sion tomography often show a perfusion defect, also in patients 
with normal coronary arteries. The defect is localized in the sep- 
tum [25,26] or occasionally in the inferolateral wall [27]. 

1 0 Ventricular Premature Beats During 
Exercise 

The incidence of VPBs increases with age [28]. It is probable - 
but not proven - that exercise-induced frequent VPBs are relat- 
ed to myocardial ischemia. Possibly they represent an inde- 
pendent predictor of future cardiovascular death. Jouven et al 
[10] recently found out in a cohort of 6101 men without known 
heart disease that the long-term risk of cardiovascular death in 
men with frequent VPBs during exercise is increased by a fac- 
tor of 2.5 (frequent VPBs are defined as more than two VPBs in 
a row, or a proportion of VPBs that exceeds 10% of normal 
beats during a 30 sec period). But only 6% of these patients 
showed ischemic signs in the exercise test, while not more than 
3% with a positive test showed frequent VPBs. However, other 
investigators have found a relation between exercise-induced 
VPBs and myocardial ischemia [29,30]. 

1 1 Alterations of QRS During Exercise, 
Without Intraventricular Conduction 
Disturbances 

Bonoris et al [31] and others have found a good correlation 
between the increase in R wave amplitude in exercise, systolic 
LV dysfunction, and severity of coronary artery narrowing. 
With the so-called ‘Athens QRS score’ Michaelides et al [32] 
showed a significant correlation between QRS changes, the 
number of LV contraction abnormalities, and the number of 
diseased coronary vessels. Yet the method has not been accept- 
ed for practical use in general. 

12 Right Precordial Leads in the Exercise 
Test 

Michaelides et al [33] reported a significant increase of sensi- 
tivity and specificity in prediction of coronary artery disease 
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using the right precordial leads V^R, V^R and V^R. Their cohort 
included 85 patients with one-vessel disease, 84 with two-ves- 
sel disease, 42 with three-vessel disease, and 34 patients with 
normal coronary arteries. The new method was warmly appre- 
ciated in an editorial by Wellens [34], whereas Bokhari et al [35] 
could not confirm these favorable results. Further studies will 
reveal more definitive information on this interesting issue. 

1 3 Exercise Test After Aortocoronary 
Revascularization 

In patients after aortocoronary revascularization, exercise test- 
ing can be performed to evaluate the ultimate outcome of the 
operation. It may detect persisting ischemia due to incomplete 
revascularization, or new ischemia due to restenosis. However, 
abnormalities in the ECG at rest often limit the accuracy of the 
test. The prognostic value of performing the test after CABG is 
limited [36] (see section 17 below). 

14 Exercise ECG After PTCA 

The detection of ischemia shortly after successful PTCA (with- 
in about 2 weeks) in acute or chronic CAD may be misleading 
[37] . Occasionally, an obvious ST depression (with or without 
late ischemia) is seen, without remaining significant stenosis of 
the coronary arteries (ECG 27.6). Uren et al discuss a possible 
mechanism [38]. 

1 5 Exercise Training in Cardiac 
Rehabilitation After Ml and 
Revascularization 

An early meta-analysis of patients undergoing cardiac rehabil- 
itation after myocardial infarction demonstrated a reduction 
in mortality [39]. Today this finding is doubted. In an extensive 
review article, Ades calculated that only io%-20% of appropri- 
ate candidates in the USA currently benefit from a formal reha- 
bilitation program. He emphasized supportive measures such 
as cessation of smoking, normalizing lipid levels, and weight 
loss (the latter improving lipid levels, insulin resistance, blood 
pressure and clotting abnormalities) [40]. 

16 Exercise Training in Heart Failure 

In patients with heart failure, repetitive testing may be per- 
formed to check exercise capacity, to evaluating the effects of 
training and treatment. In this case, testing protocols have to 



be modified [41]. For several years, exercise has been used as a 
therapeutic procedure in patients with and without CHD. 
Improved work capacity and positive effects on lifestyle and 
life quality have been reported. The responsible mechanisms 
are: increased peak oxygen consumption; improvement of the 
autonomic control of the circulation, including reduction in 
sympathetic activity and enhancement of vagal activity [42]; 
improvement in the process of LV remodeling after (even 
extensive) myocardial infarction [43,44]; enhancement of 
coronary collateralization [45]; improvement of endothelium- 
dependent vasodilatation in coronary vessels [46]. However, as 
pointed out in an editorial by Coats [42], until 1999 only about 
600 patients with heart failure were enrolled in randomized 
trials of exercise training and the following issues are not (yet) 
definitively resolved: 

i. Effects on mortality and morbidity? 

ii. Can training effects be maintained over the long term? 

iii. General practicability, outside of ‘enthusiastic specialist 
clinics’? 

Practical recommendations for exercise training in patients 
with chronic heart failure have recently been published [47]. 

1 7 Prognostic Impact of the Exercise Test 

In an asymptomatic population an abnormal exercise test 
means a ninefold increase in the risk for future cardiac events 
such as angina, myocardial infarction, or death, in men. In 
women the prognostic value of an abnormal test lacks speci- 
ficity [48]. In contrast, Younis and Chaitman [49] and 
Froelicher et al [50] have stated that silent ischemia induced by 
exercise testing in apparently healthy men is not as predictive 
as previously thought. They reviewed 24 studies of patients 
who had suffered myocardial infarction and concluded that ST 
segment shifts are not as predictive of high risk as abnormal 
systolic blood pressure response and a poor exercise capacity. 

Studies in patients with stable CHD that consider angio- 
graphic findings, cardiac events, and the differential outcome 
of CABG, compared with medical therapy, have shown a prog- 
nostic power of exercise testing. In a study of 296 patients with 
exercise after CABG, Dubach et al [36] found the MET level and 
maximal heart rate to be significantly related to prognosis. No 
patient exceeding 8 METs died, compared to 15 patients with 
low MET levels who did die. Nevertheless, the authors estimate 
the predictive power of the exercise test to be low overall, and 
ST depression as not predictive at all. Studying 231 patients 
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after CABG, Yli-Mayry et al [51] did not find any significant 
predictive value of exercise duration and workload, whereas a 
low postoperative ejection fraction and diuretic treatment 
were significant for predicting cardiac events. 

In summary, in patients with CHD, ST segment changes 
during exercise have more diagnostic than prognostic value, 
while poor exercise capacity (< 75 watts) indicates a poor prog- 
nosis, and a good exercise capacity (> 200 watts) indicates a 
good prognosis [52]. 

As mentioned earlier, Jouven et al [10] reported that fre- 
quent VPBs and ST depression at exercise increase the risk for 
cardiovascular death by 2.5 times. More recently, Frolkis et al 
showed that frequent VPBs immediately after exercise are also 
a predictor of death [53]. 
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Echo/Doppler: LVH with mild diastolic dysfunction. 




at rest at rest exercise 13*2 MET 
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EGG 27*2 

70 y/m. Operated liver carcinoma 2 years before. Mild diabetes. No cardiac symptoms. Preoperative control for skin tumor. ECG at rest: normal. Exercise: 13.2 
MET; rate 156/min. In spite of artifacts (especially wandering basic line) the repolarization was interpreted as normal (the computer measured a 0.2 mm ST 
depression in lead Vg). No Coro. Echo/Doppler: normal. 




ECG 27.3 

54 y/m. Control 2 years after ACB. No symptoms. 67/min at 
rest. 122/mm at maximal load (125 watts): ST depression in 
V 5 /Vg about 1 mm? 95/min 5 min after exercise: ST depres- 
sion in V 5 /Vg 1 mm. Assessment: see text. 
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Normal LV function. 





ECG 27 J 

74 y/m. Preoperative risk stratification for operation of rectal carcinoma. No typical cardiac symptoms. Risk factor: smoking. ECG at 
rest: normal. Exercise: 9.9 MET; rate 142/min. Descending ST depression down to 3.5 mm in leads V 3 to Vg: ischemia. No symptoms! 

6 min after exercise: descending ST depression in V 2 to Vg:'late ischemia'. Coro: severe three-vessel disease, EF 67%, normal LV func- 
tion. PTCA of LAD and RCA. 
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ECG27J 

62 y/m. CHD. Coro: severe two-vessel disease. Normal LV function. PTCA of RCA and CX. ECGs 24 hours later. ECG at rest: Rate 91 /min, ST 
depression 0.1 to 1 mm in V5/V5. Exercise: 7.0 MET; rate 1 36/min. Horizontal ST depression 1 -2.5 mm in V4 to Vg: ischemia. No symptoms. 4 
min after exercise: Descending ST depression (up to 1 .5 mm) and T negativity in V2 to Vg: Late ischemia. Re-coro: no re-stenosis »> false 
positive result, 24 hours after PTCA. 
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V3 to V5, 1, II, aVF, III. Exercise: 10 watts; rate 128/min. No chest pain: ST elevation up to 5 mm in to V4 and I, II, aVF, III. ST depression in V<| (mirror image). Exercise: 

25 watts, rate 147/min, mild typical pain. ST elevation up to 8 mm in the same leads: 'transmural lesion'. After exercise: rate 1 19/min, T negativity as before exercise. Coro: 
long 50% stenosis in the LAD (with ST elevation in III, aVF, II), reversible after nitroglycerine (spasm). Otherwise normal coronary arteries. Free of symptoms with nifedip- 




at rest 75 Watt 135 Watt 




8 min 

post 

exercise 




at rest 75 Watt 135 Watt 

exercise 




ECG27J 

47 y/m. 6 -month-old extensive anterior Ml (ECG by courtesy of Paul Dubach, MD). a) ECG at rest: sinus rhythm, rate 63/min. ST elevation 
1 -1 .5 mm in to Vg, terminal T negativity, b) Exercise: 75 watts, rate 107/min. Pronounced ST elevation (2-3 mm) in to Vg. c) Exercise: 
135 watts, rate 148/min. Striking ST elevation (up to 5 mm) in V 2 to V 5 (also in aVL).T negativity disappeared, d) 8 min postexercise: rate 
105/min. ST elevation regressed to 1 to 2 mm, reappearance of T negativity. The patient had no chest pain. 
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ECG 27.10 

51 y/m. Preoperative risk stratification for cholecystectomy. Risk factors: positive family history, obesity, 
smoking. ECG at rest: QS in lead III, QRS clockwise rotation, mini q wave in Vg. Exercise: 13.2 MET; rate 
132/min. QS in V 3 , new small q waves in V 4 to Vg. Atypical chest pain. Coro: normal, normal LV function. 
The QRS alterations at rest (QS in Ml) and at exercise are classified as 'normal variants', retrospectively. 
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tachycardia at a rate of 210/min develops, lasting 12 sec. Note: a) two or three fusion beats at the beginning of VT; b) the atypical LBBB pattern, with a change from a negative 
QRS to a positive one, already between V 2 and V 3 . Electrophysiologic testing: 'focus' expected in the RV outflow tract but no VT inducible. Effective prophylaxis with atenolol. 






ECG 27.12 

Short Story/Case Report 1.42 y/m. Fatigue and dyspnoea during exercise. RBBB at rest. Exercise: stripe A: 

1 00 watts, rate 1 46/min; AV block 2:1; fall of ventricular rate to 73/min. Stripe B: 1 50 watts, rate 1 76/min; pro- 
gression from 2 : 1 to 3 : 1 and 4 : 1 AV block, with varying PQ interval (superimposed Wenckebach phenomenon); 
fall of ventricular rate to about 50/min. 
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ECG 27-13 

51 y/m. Dyspnea and fatigue dur- 
ing exercise, 2 months after aortic 
valve replacement. ECG at rest: 
sinus rate 78/min, AV block V (PQ 
230 msec), LBBB. Exercise: 

75 watts, rate 130/min (p partially 
hidden within the T wave, end of p 
only visible in as a negative 
wave). Exercise: 125 watts, sinus 
rate 1 56/min, AV block 3 : 1 (ven- 
tricular rate dropped to 52/min!). 

3 min after exercise: sinus rhythm, 
rate 92/min, PQ 230 msec (1 : 1 AV 
conduction). Therapy with pace- 
maker. 
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Chapter 27 ECGs 





ECG 27.14 

54 y/m. CAD with angina. LAFB with R < S in Exercise: 1 50 watts, rate 1 52/min, no ST depression in V 4 to Vg. False negative result. 

Coro: severe three-vessel disease, LV EF 60%.Technetium-MIBI: anterior ischemia (paper speed 50 mm/sec). 




ECG 27.15 

68 y/m. Hypertension, CAD. LAFB with R > S in V^/V^iV^l Exercise: 125 watts, rate 103/min. ST depression 1.5 mm in V 4 to Vg.True positive 
result. Coro: 80% stenosis of LAD. Normal LV EF.Technetium-MIBI: anterior ischemia (paper speed 50 mm/sec). 
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Chapter 28 

Pacemaker ECG 



At a Glance 



The first implantable cardiac stimulator device was used in 
humans in 1958. Since its introduction, this ingenious method 
for treating bradycardic arrhythmias has spread throughout 
the world; in 1998,601 000 new pacemakers were implanted 
worldwide. The total number of people fitted with pace- 
makers is estimated at more than 4 million - and with a global 
population of some 8 billion this means approximately one 
person in every 2 million has a pacemaker. In some countries 
the ratio is about 1 :600. 

The first pacemaker (implanted by Senning in 1958) was a 
simple ventricular PM and had a fixed rate, with no sensing of 
spontaneous heart beats. The next stages in pacemaker 
evolution brought the bn-demand' device that was able to 
sense spontaneous rhythm, the dual-chamber pacemaker that 
allowed atrioventricular sequential pacing, and the rate- 
responsive device that accelerated the pacing rate by analyzing 
body movement, respiration rate, and other parameters. In 
more recent years additional sophisticated functions have been 
integrated.These include mode switch (automatic change from 
two-chamber pacing to ventricular pacing after the onset of 
atrial fibrillation), sleep function, telemetry (including memory 
properties for counts of spontaneous and paced beats in detail), 
and programmed rapid atrial stimulation. 

ECG 

1 Single-chamber Pacemaker 

The ECG pattern depends on the rate of the pacemaker on the 
one hand and on the spontaneous heart rate on the other. If the 
artificial pacing rate is greater than the spontaneous rate, every 
heart beat is paced. 

The electric stimulus is mediated by an electrode localized 
in the right ventricle. The right ventricle is activated first, and 



the left ventricle over the septum, with latency. Consequently, 
we find a left bundle-branch block (LBBB) pattern in the ECG 
(ECG 28.1). In the rare cases of left ventricular pacing (through 
an electrode attached to the surface of the left ventricle) a right 
bundle-branch block (RBBB) pattern results. The electric stim- 
ulus itself manifests as a small and short spike immediately 
before the QRS complex. The stimulus is positive, negative, 
biphasic, or not visible - depending on its projection to the 
lead (ECG 28.1). Unipolar pacing results in markedly higher 
spikes than bipolar pacing. 

The sensing mechanism of a pacemaker (on-demand func- 
tion) inhibits pacing during and shortly after one or several 
premature beats (ECG 28.2). 

Equally, the pacer function is inhibited if the pacing rate is 
lower than the spontaneous rhythm over a longer period. Thus 
there is no sign in the ECG that would identify the patient as 
having a pacemaker. It is possible in these cases to switch the 
on-demand mode to a fixed-rate mode with a magnet that is 
placed on the skin above the generator (ECG 28.3). 

In cases with nearly the same rate of pacemaker and spon- 
taneous rhythms, fusion beats or pseudofusion beats are 
detectable. 

In a fusion beat the ventricles are activated in part by the pacer 
and in part spontaneously (ECG 28.4 and ECG 28.5). In a pseudo- 
fusion beat the stimulus occurs too late (during the absolute 
refractory ventricular period) and remains ineffective: the heart is 
exclusively activated by the pacemaker (ECGs 28.4 and 28.5). 

Fusion beats and pseudofusion beats are normal features in 
a pacemaker ECG. 

The pacing rate varies in all patients with a rate-responsive 
device, depending on the current activity. In general, the pace- 
maker rate is programmed to a maximum of 150/min and a 
minimum of 60/min. These pacing devices are called VVI(R) - 
only ventricular rate responsive pacing. 
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2 Dual-chamber Pacemaker 

This device with double pacing and sensing properties has a 
ventricular electrode in the right ventricle and another elec- 
trode in the right atrium, allowing sequential atrioventricular 
pacing. The right atrium (and the left atrium shortly after) is 
only paced if the spontaneous atrial rate is lower than the pac- 
ing rate. As in ventricular pacing, in atrial pacing a pacemaker 
spike is visible - in this case at the beginning of the p wave. 
EGG 28.6 shows atrioventricular (AV) sequential dual-chamber 
pacing. In EGG 28.7 there is spontaneous activation of the atria 
by the sinus stimulus because the sinus rate is higher than the 
atrial rate of the pacemaker; therefore, the atrial spike is lack- 
ing. In both conditions (EGGs 28.6 and 28.7) the ventricles are 
activated by the pacemaker. This means that AV block is prob- 
ably present - or at least that the spontaneous AV interval is 
longer than the programmed AV interval of the pacemaker. 

3 Electric Complications and Failures 

The complications are manifold and are due to generator or 
electrode problems. The majority of complications occur 
immediately after pacemaker implantation, or at 5-8 years 
later. 

The earl/ complications are mainly due to electrode dis- 
placement or incorrect connection of the electrode to the gen- 
erator (this is not as rare as one would expect). These compli- 
cations lead to loss of capture, and they are generally recog- 
nized during the postoperative period in the hospital, needing 
immediate revision. EGG 28.8 shows intermittent pacemaker 
failure during its implantation. 

The late complications arise after several years. They are 
provoked either by depletion of the battery, or by critical rise of 
the stimulation threshold, or by both. Both conditions lead to 
loss of capture. The beginning of battery depletion is charac- 
terized by a decrease in the stimulation rate and/or a change to 
fixed-rate mode. In many cases of advanced depletion the 
pacemaker spike is still visible in the EGG, but without a con- 
secutive QRS complex (EGG 28.9). In AV universal (DDD) 
pacemaker EGGs, battery depletion starts with a change of 
DDD-function to VVO-function, at a decreased pacing rate. 
EGG 28.10 shows intermittent nonfunction due to a manipula- 
tion during pacemaker control. In cases of battery depletion 
the generator must be replaced immediately. Fortunately, the 
best time for replacement of the generator can be estimated in 
advance with an accuracy of about 1 month. Most pacemaker 
control devices automatically indicate the life expectancy of a 



generator battery. At the same time the current pacing thresh- 
old is measured. A loss of capture may also occur during the 
measurement of the threshold, if the output of the pacemaker 
is decreased below the current threshold. However, in pace- 
maker-dependent patients a long ventricular pause 
(EGG 28.10) should be avoided. 

Gomplications occuring between the early and late stages 
(intermediate complications) are relatively rare and generally 
involve other situations. Unexpected premature battery deple- 
tion or critical rises of the threshold have become rare. 

The main intermediate complications are discussed in the 
following two paragraphs (3.1 and 3.2). 

3.1 Undersensing and Oversensing 

In undersensing the programmed sensing level of the genera- 
tor (in mV) is too high - too ‘insensitive’ - for the normal sens- 
ing of the spontaneous QRS complex. Therefore, the pacer runs 
in a ‘fixed-rate’ mode. This may occur constantly or in isolated 
beats only. The EGG is characterized by spikes that fall into the 
spontaneous cardiac cycle at random (EGG 28.11). Of course, 
ventricular spikes falling into the refractory ventricular period 
of the spontaneous ventricular cycle do not result in stimulat- 
ed beats, and may visually simulate a loss of capture. The same 
may occur with atrial spikes with respect to atrial cycles. 
Theoretically, undersensing can be a dangerous situation. A 
spike falling into the potentially vulnerable period of the ven- 
tricle (‘spike on T’ phenomenon) might induce ventricular fib- 
rillation. However, this extremely rare complication will prob- 
ably occur only in patients with severe ischemia. In practice, 
undersensing is harmless and does not induce symptoms. 

Undersensing is eliminated by lowering the sensing thresh- 
old, perhaps from 2.5 mV to 1.5 mV. This represents a more or 
less cosmetic procedure, because complications are extremely 
rare. Moreover, lowering of the sensing level may induce over- 
sensing, more often leading to dangerous situations. 

In oversensing the programmed sensing level is too low - 
too ‘sensitive’. Thus, small electric forces mainly arising in the 
upper thoracic skeleton muscles (pectoralis major, sternoclei- 
domastoideus) are sensed, leading to inhibition of the pace- 
maker. In some cases, inhibition lasts for several heart cycles 
and may lead to syncope, in a currently pacemaker-dependent 
patient. The corresponding EGG may be detected in an ambu- 
latory EGG and is characterized by multiple small spikes pro- 
duced by skeletal muscles, absent pacemaker spikes, and ven- 
tricular asystole (EGG 28.12). Because oversensing occurs pref- 
erentially during extreme stress of these muscles in correlated 
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activities (for instance chopping wood in younger patients or 
leaving the bathtub in older patients) a dangerous situation 
may arise, besides the loss of consciousness (see Short 
Story/Case Report 2). 

Oversensing mainly occurs in patients with unipolar elec- 
trodes, where the sensed area is considerably greater than that 
with bipolar electrodes. Oversensing has become rare because 
of the better sensitivity of pacemakers, which can distinguish 
more precisely between heart potentials and skeletal muscle 
potentials. Oversensing is eliminated by increasing the sensing 
threshold (e.g. from 2 mV to 4 mV). 



The Full P'Kture 



Out-of-hospital general practitioners, specialists in internal 
medicine, even those in cardiology, generally control only a few 
pacemaker patients. Pacemaker patients are regularly fol- 
lowed-up in the hospital by a specialized team. Due to the great 
variability of pacemaker generators, the complexity of control 
devices from different manufacturers, and the complexity of 
pacemaker arrhythmias, the members of this specialized team 
are obliged to undergo continuous education, regularly attend- 
ing special courses organized by the National Associations of 
Cardiology and by the manufacturers. On top of this, it is 
essential for them regularly to consult the leading journals in 
this field such as PACE (published since 1978) and the Journal 
of Cardiovascular Electrophysiology (since 1989) which reflect 
the continuous progress in this field. A detailed presentation 
and discussion of the problems concerning pacemakers - com- 



3^ Lead Fracture and Lead Insulation 
Damage 

Lead fracture and lead insulation damage may occur due to 
accidents, due to permanent wear and tear of the electrode, and 
due to the use of unsuitable insulation materials. The most cur- 
rent and dangerous result is a loss of capture. Electrode dam- 
age is often detectable in changes of lead parameters before a 
loss of capture arises. 



plex pacemaker arrhythmias included - is beyond the scope of 
this book. 

4 Pacemaker Codes 

Due to the development of simple single-chamber pacemakers 
into the complex devices seen nowadays, a pacemaker code 
was required for quick identification of the different functions. 
And as the devices became more sophisticated over the 
decades, the code underwent several modifications. 

Every cardiologist concerned with the implanting and con- 
trolling of pacemakers is familiar with the current code, as 
shown in Table 28.1 [1]. 

The commonly implanted pacing devices nowadays are the 
DDD, DDD(R), VVI and VVI(R). Only dual-chamber pacemak- 



Table 28.1 

The revised NASPE/BPEG generic code for antibradycardic pacing 



Position 


1 


N 


III 


IV 


V 


Category 


Chamber(s) paced 


Chamber(s) sensed 


Response to sensing 


Rate modulation 


Multlsite pacing 




0=none 


0=none 


0=none 


0=none 


O^none 


Manufacturers' 

designation on^: 


A=atrium 
V=ventride 
D-dual (A -t'V) 
S-sing!e (A orV) 


A=atriunn 
V=ventncle 
D=dual (A + V) 
S=single (A orV) 


T^triggered 
1= inhibited 
D=dual (T + l) 


R=rate modulation 


A=atrium 
V=ventricle 
0=dual (A+V) 
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ers guarantee AV sequential pacing - with one exception. In 
atrial inhibited (AAI) pacing the atrium is sensed and the ven- 
tricle is paced, also resulting in so-called physiologic pacing. 
Theoretically, VVI or VVI(R) devices should only be implanted 
in patients with atrial fibrillation, where atrial sensing or pac- 
ing is not possible. However, single-chamber ventricular pac- 
ing has not yet been abandoned worldwide, especially for eco- 
nomic reasons. The advantages of AV sequential pacing over 
single-chamber ventricular pacing are discussed below. 

ECG Special 

5 Morphologic Features 

More than 98% of pacemakers are implanted transvenously, 
through the subclavian vein, with the electrode in the right 
ventricle. In about 30% of these cases an atrial electrode is also 
implanted in the right atrium. In common ventricular pacing 
the right ventricle is activated first and the left ventricle with 
latency over the septum, leading to an LBBB pattern. 
Depolarization and repolarization are uniform in the limb 
leads, with broad R waves in leads I and aVL, and wide QS 
complexes in leads II, aVF, and III. In the precordial leads we 
mostly miss a positive QRS deflection in leads V^/V^ as is com- 
monly seen in LBBB aberration in a supraventricular rhythm. 
In most cases, after the stimulation spike we observe a QS 
complex in to and an rS complex in V^. Due to a special 
position of the ventricular lead within the right ventricle, the 
rare pattern of Rs in lead may be detectable - a pattern 
never seen in LBBB aberration. 

In the remaining 2% of patients with, for example, a single 
ventricle or severe tricuspid incompetence (in the latter case, if 
a screw-in electrode was not considered) the electrode is 
attached at the epicardium of the left ventricle by the surgeon. 
In this case the left ventricle is activated before the right ven- 
tricle, resulting in a more or less typical RBBB pattern. 

Patterns of old myocardial infarction are easily detectable in 
rare conditions of epicardial left ventricular pacing with an 
RBBB pattern, but not in the vast majority of patients with 
endocardial right ventricular pacing and with an LBBB pattern. 

ECGs 28.13 and ECG 28.14a (ECG 28.14b without pacing) 
illustrate that either inferior or anterior infarction are at least 
partially masked by the LBBB pattern, similar to LBBB aberra- 
tion in patients without a pacemaker. A broad Q or QS wave in 
the inferior and anteroseptal leads, very common in right ven- 
tricular pacing with an LBBB pattern, may also imitate an 
infarction pattern. The QRS complex is wide, however. 



Pacemaker spikes have greater amplitude in unipolar pac- 
ing compared to bipolar pacing. In bipolar pacing the spike 
may be so small that it is overlooked, especially in a generator 
output of 2.5 volts (ECG 28.13). 

In 1969 Chatter] ee et al described an interesting phenom- 
enon [2,3] which is now unsurprisingly called the ‘Chatter] ee 
phenomenon’. If a spontaneous rhythm arises after right 
ventricular pacing (with a consecutive LBBB pattern) the 
T waves are negative in most cases in the precordial leads 
and eventually in the inferior limb leads. Ischemia may false- 
ly be diagnosed (ECGs 3i.ioa-b in Chapter 31 Special ECG 
Waves, Signs, and Phenomena). The phenomenon has also 
been described after the disappearance of an LBBB (and to a 
minor degree of an RBBB) pattern without a pacemaker 
(ECG 31.11). 

6 Pacemaker-Mediated Arrhythmia 

Pacemaker-related arrhythmias include a vast number of 
arrhythmias that may be complex, especially in dual-chamber 
pacemakers. Analyzing those arrhythmias requires the knowl- 
edge of the technical properties of a generator and its pro- 
gramming. 

The so-called ‘pacemaker circus movement tachycardia’ is 
based on the presence of retrograde atrial depolarization, 
detected by the atrial sensing component of a dual-chamber 
pacemaker. The following ventricular stimulus is delivered too 
early with the programmed AV interval. If this event repeats 
itself, a supraventricular reentry tachycardia results, also called 
‘endless loop’ tachycardia, at a rate of about 130/min 
(ECG 28.15). Pacemaker circus movement tachycardia may be 
interrupted by increasing the atrial refractory period and/or by 
an increased AV interval. Nowadays, in all DDD devices a pro- 
longed atrial refractory period after a sensed ventricular beat 
automatically inhibits the tachycardia. 

In DDD(R) devices, pacing arrhythmias similar to AV block 
2° (Wenckebach or 2 : 1 type) may arise, if the spontaneous 
sinus rate exceeds the programmed upper rate limit. The sens- 
ing of sinusal p waves inhibits atrial pacing, and ventricular 
pacing is delayed until the upper rate limit is reached. The 
degree of the AV interval is inversely proportional to the pre- 
ceding AV interval. Consequently the prolongation of the PQ 
interval is progressive. A p wave falling into the postventricular 
atrial refractory period is not sensed and the ventricular 
impulse is not delivered. The next p wave is sensed again and 
with the correctly delivered ventricular impulse the AV block 
2° episode may start again. 
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7 Pacemaker Malfunction 

7.1 Battery Depletion 

The first sign of ‘normal’ battery depletion is a fall in the stim- 
ulation rate. A decrease of more than three beats per minute in 
the automatic or magnet rate indicates the need for a battery 
exchange within 8 weeks, in most generators. If there is a 
switch from automatic to fixed-rate mode, and of course in 
incomplete and complete battery depletion (with ineffective or 
absent pacemaker stimuli), the replacement of the generator 
must be performed immediately. A progressive increase of the 
pacing rate (run-away) is very rare in the present pacemaker 
generation [4]. These have a programmer/interrogator device 
that determines the battery voltage by telemetry, so predicting 
future battery depletion accurately (in months) and allowing 
replacement in plenty of time. 

Absent capture during implantation is due to electrode dis- 
placement, incomplete or inverse connection of the elec- 
trode(s) to the generator, and in rare cases to early and sudden 
battery depletion. 

Short Story/Case Report 1 

In 1988 the author implanted a VVl pacemaker in a 15-year- 
old girl for congenital complete AV block. The patient was 
anxious about the operation but proved to be very brave 
during the whole procedure. She and her mother, who was 
waiting outside the operating room, were warmly congratu- 
lated after the operation. Ten minutes later the nurse report- 
ed malfunction of the pacemaker. The ECG revealed com- 
plete AV block without any sign of pacemaker activity. X-ray 
examination showed an unchanged and good position of the 
electrode. However, the battery proved to be dead. The 
patient, the mother, and the cardiologist were terrified. The 
generator was immediately replaced. Some days later the 
patient and her mother were happy again. From the manu- 
facturer of the pacemaker the girl received some CDs of her 
favorite artists and her mother received a huge bunch of 
flowers, the biggest she had ever received, 

7.2 Electrode Problems 

Persistent or intermittent failures of atrial or ventricular capture 
may also result from an increase of the stimulation threshold 
(mostly because of insulating fibrous tissue surrounding the tip 
of the electrode),very rarely due to drugs (e.g.flecainide [5]), wire 



fracture, or damaged electrode insulation. Again, analysis of mal- 
function is possible in most cases because of information about 
the battery and lead impedance through telemetry. 

73 Oversensing and Undersensing 

The signs of oversensing and undersensing are presented 
above in the first section of this chapter (ECGs 28.11-28.12). 
The following case report shows that oversensing may induce a 
life-threatening situation. 

Short Story/Case Report 2 

In 197S a 79 -year- old patient with a VVI pacemaker, implant- 
ed for complete AV block with syncopal attacks, wanted to 
leave his bathtub when it was still full of water. He heaved 
himself up by his arms but lost consciousness. He awoke to 
find himself lying in the bathtub with his head partially 
under water. He tried to get up two more times, with the 
same terrible result. Because he was panicking he did not 
think to let out the water. Through an extreme effort he cat- 
apulted himself out of the tub, and again lost consciousness. 
He then realized with great satisfaction that he was lying on 
the floor rather than the bathtub. 

An inspection of the pacemaker revealed oversensing 
that was reproducible by strong straining of the muscles of 
the arm and thorax, with consecutive cardiac arrest lasting 
several seconds. The patient was enthusiastic about this test, 
asking for repetitions, up to short loss of consciousness. 
After changing the sensitivity of the pacemaker from 2.5 mV 
to 4 mV (the R wave reading was 7.4 mV) the patient 
remained free of symptoms. 

8 Pacemaker Syndrome 

8.1 Prevalence 

The prevalence of the syndrome depends on its definition. The 
prevalence in patients with isolated ventricular pacing is about 
2% if only serious symptoms are considered, and about 22% if 
all symptoms possibly related to the pacemaker syndrome are 
considered [6]. 

83 Condition 

The pacemaker syndrome is not necessarily linked to VVI(R) 
pacing. It may also arise in patients with inappropriately pro- 
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grammed atrial pacing (AAI(R)) or dual-chamber pacing. In 
AAI(R) pacing, AV dysynchrony may result from a dispropor- 
tionate increase of the atrial rate during exercise [7]. VDD(R) 
pacing may lead to the syndrome if the atrial rate falls below 
the lower programmed rate, resulting in VVI(R) pacing. In 
DDI(R) pacing the pacemaker syndrome arises if the sponta- 
neous sinus rate exceeds the lower rate, or the sensor-indicated 
rate in patients with AV block because of continual AV dissoci- 
ation [8]. Even in DDD pacing prolonged intra-atrial and/or 
interatrial conduction times, as well as pacemaker-mediated or 
endless-loop tachycardia, may induce AV dysynchrony or ven- 
triculoatrial synchrony [9]. A pacemaker syndrome is easily 
overlooked in these conditions. 

8.3 Pathophysiologic Mechanisms 

The pathophysiologic mechanisms are more complex [7] than 
used to be assumed [10]. The absence of the atrial kick gener- 
ally reduces arterial pressure to a modest degree. The atrial 
contraction against the closed atrioventricular valves may 
result in very high venous a waves, (atrial waves) up to 
50 mmHg. These a waves may provoke an abnormal and exag- 
gerated response of baroreceptors in the lung veins, resulting 
in a drastic fall of blood pressure, with syncope as a possible 
consequence. However, in recent times involvement of multiple 
reflex pathways has been postulated, including carotid and 
aortic baroreceptors, cardiopulmonary baroreflexes, and 
potentially inhibitory reflexes mediated by ‘vagal afferents’ 
present in the atria and the atrioventricular junctions [7]. 
Incidentally, Liideritz described in an amusing article [11] a 
‘pacemaker syndrome’ without a pacemaker that was observed 
by McWilliam as long ago as 1889 [12]. 

9 Indications for Pacing 

The indications for implantation of cardiac pacemakers (and 
other antiarrhythmic devices) are presented in the ACC/AHA 
Guidelines of 1998 [13] with differentiation into three classes. A 
class I indication includes conditions for which there is evi- 
dence and/or general agreement that a given procedure or treat- 
ment is beneficial, useful, and effective. In Class II we find con- 
ditions with conflicting evidence and/or divergence of opinion 
about the usefulness/efficacy of treatment, subdivided into 
class Ila (weight of evidence/opinion in favor of usefulness/effi- 
cacy) and class Ilb (usefulness/efficacy is less well established 
by evidence/opinion). Class III describes conditions with evi- 
dence/general opinion that a procedure/treatment is not use- 



ful/effective and in some cases maybe harmful [13]. The exten- 
sive review (333 references) provides detailed reasons for allo- 
cation of nearly all conditions to the three classes. 

This book, therefore, presents only a short overview and 
two relatively new and interesting indications are discussed as 
follows. 

Complete AV block and sinus node dysfunction (sick sinus 
syndrome) represent the most frequent reasons for chronic 
pacing, each condition responsible for about 40% of all pace- 
maker implantations. The remaining 20% are covered by 
bradycardic atrial fibrillation, so-called ‘prophylactic’ implan- 
tations in some forms of bifascicular and incomplete trifascic- 
ular blocks (Chapter 11 Bilateral Bifascicular Blocks), AV 
block 2° of high degree types or Mobitz type, and by rare con- 
ditions such as the carotid sinus syndrome, the long QT syn- 
drome [14], sleep apnea [15], some cases of hypertrophic 
obstructive cardiomyopathy, and also heart failure in patients 
with wide QRS complexes. Also isolated AV block 1° may rep- 
resent an indication for a pacemaker implantation in a few 
selected cases with heart failure and mitral incompetence. 
Shortening of the AV interval improves ventricular function 
[16]. 

9.1 Pacing in Hypertrophic Obstructive 
Cardiomyopathy 

The first observations about the beneficial effect of pacing in 
patients with hypertrophic obstructive cardiomyopathy 
(HOCM) were reported from studies about acute pacing 
[17,18]. Thereafter, permanent dual-chamber pacing was 
applied in an attempt to avoid myectomy by open heart sur- 
gery. Shortening of the AV interval leads to a better left ven- 
tricular filling and consecutively to a significant reduction (at 
a mean of 50%) of the intraventricular systolic gradient and to 
significant improvement of symptoms [19-21]. So-called 
transcoronary alcohol septal ablation, introduced by Sigwart 
et al in 1995 [22], has proved to be as effective as a surgical sep- 
tal resection [23,24]. Ethyl ablation, performed through a 
catheter introduced into the septal coronary artery branches, 
provokes necrosis of a portion of the hypertrophic interven- 
tricular septum with a dramatic reduction of the gradient, with 
a latency of several weeks. A recent study has shown minimal 
superiority of surgical myectomy over alcohol ablation [25]. 

Surgical resection results in an LBBB, whereas alcohol abla- 
tion provokes an RBBB in all cases, and complete AV block in 
more than 40% of cases. About 20% of patients need a dual- 
chamber pacemaker [24]. 
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9 ^ Pacing in Heart Failure 

A prolonged QRS duration (> 0.12 sec) contributes to an addi- 
tional impairment of ventricular function in patients with 
heart failure, by dysynchronous ventricular contraction. 
Moreover, it leads to inefficient use of energy in heart metabo- 
lism, called mechanoenergetic uncoupling [26]. It has been 
shown that synchronous pacing of the right ventricle (through 
a conventionally positioned electrode) and the left ventricle - 
through an electrode in the coronary sinus and in a coronary 
vein, thus stimulating the left ventricle from the epicardium - 
not only shortens the QRS duration but also improves ventric- 
ular function. The method is effective in patients with LBBB 
and, astonishingly, also in patients with RBBB. In the study by 
Abraham et al [26] with 228 patients randomly assigned to the 
resynchronization group, mortality was reduced by 40% com- 
pared with the control group (follow-up of 6 months). The 
NYHA functional class, the distance walked in 6 minutes, and 
the quality-of-life score were significantly improved. Large- 
scale controlled studies (the COMPANION trial and the 
CARE-HF study) are in progress. An overview of new pace- 
maker indications is presented in the article by Barold [27]. 

1 0 Prognosis of AV Sequential 
(Physiologic] Pacing vs Single- 
Chamber Ventricular Pacing 

In physiologic pacing an AV sequential heart function is pre- 
served. In patients with AV block the DDD(R) mode is used, 
whilst in sick sinus syndrome, with normal AV conduction, 
atrial pacing is sufficient. This statement is controversial and 
will be discussed later. 

In single-chamber ventricular pacing, AV dissociation is 
present. The loss of the ‘atrial kick’ reduces cardiac output to a 
certain degree. More importantly, the additional synchronous 
atrial and ventricular contraction in many beats may provoke 
symptoms that are summarized in the term ‘pacemaker syn- 
drome’. Opinions about the significance of lacking AV sequen- 
tial heart function for the most important endpoints such as 
mortality, thromboembolic events, and heart failure, have been 
controversial for many years. 

The first larger studies involving limited cohorts of patients 
(168-215) [28-30] revealed clear superiority of physiologic pac- 
ing over single-chamber ventricular pacing with respect to 
mortality, prevalence of thromboembolic events, and heart 
failure. The risk for new AV block in patients with sick sinus 
syndrome was described as low (0.6% annual risk). These 



results led to an increased enthusiasm in the ‘western/devel- 
oped’ world for implanting AAI or DDD pacemakers for treat- 
ing sick sinus syndrome and DDD devices in patients with 
complete AV block. 

In recent multicenter studies with a considerably higher num- 
ber of patients (407-2568) the (formerly postulated) clear 
superiority of physiologic pacing over single ventricular pac- 
ing has partially been revised. 

In the ‘Canadian’ or CTOPP study (Canadian Trial of 
Physiologic Pacing [31]), 1474 patients were randomly assigned 
to receive a ventricular pacemaker and 1094 to receive a phys- 
iologic pacemaker. The annual rate of stroke or death due to 
cardiovascular causes was not significantly decreased in 
patients with physiologic pacing, with 5.5% vs 4.9% in patients 
with ventricular pacing after a follow-up of 3 years. Equally, the 
death from all causes, the incidence of new atrial fibrillation, 
and the number of hospitalizations showed small and statisti- 
cally non-significant differences. Perioperative complications 
were more frequent in the group with physiologic pacemakers, 
in 9% vs 3.9% of cases in the group with ventricular pacemak- 
ers {p < 0.001). The authors concluded that the decision to use 
a physiologic or ventricular pacemaker should be based on the 
patient’s individual needs. 

The ‘Elderly’ or EASE study (Pacemaker Selection in the 
Elderly) included 407 patients at a mean age of 78 years (60% 
men), 204 patients with ventricular pacing, and 203 patients 
with dual-chamber pacing [32]. There were no differences 
between the two pacing modes in cardiovascular events or 
death. However, 26% of the patients assigned to ventricular 
pacing were crossed over to dual-chamber pacing because of 
symptoms related to the pacemaker syndrome. Patients with 
dual-chamber pacemakers had moderately better quality of life 
and cardiovascular functional status, but only in the presence 
of sick sinus syndrome and not in AV block. Strong trends of 
borderline statistical significance in clinical endpoints favoring 
dual-chamber pacing were only observed in patients with sick 
sinus syndrome. Regarding the relatively high number of 
patients with crossover from single- to dual-chamber pacing 
and a substantial improvement in quality of life by dual-cham- 
ber pacing, this pacing mode seems to be preferable, especially 
in the presence of sick sinus syndrome. 

In the MOST study (Mode Selection Trial [33]), 2010 
patients with sinus node dysfunction (sick sinus syndrome) 
were evaluated. The two groups with single-chamber (VVI(R), 
rate 60/min to > 110/min) pacing (n=996) and dual-chamber 
(DDDR) pacing (n=ioi4) were followed for a median of 
33.1 months and compared with respect to the following end- 
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points and parameters: death of any cause; cardiovascular 
death; non-fatal stroke; hospitalization for heart failure; heart 
failure score; atrial fibrillation; and health-related quality of 
life. Between the two groups no significant difference could be 
found for death of any cause, cardiovascular death, stroke, and 
hospitalization for heart failure. However, the patients with 
dual-chamber pacing accumulated fewer points on the heart 
failure score than patients with ventricular pacing. Patients 
receiving dual-chamber pacing and who had no history of atri- 
al fibrillation had a lower incidence of atrial fibrillation after 
randomization than patients with ventricular pacing 
ip < o.ooi), whereas patients with dual-chamber pacing and 
with a history of atrial fibrillation had a non-significant 14% 
reduction (p=o.ii) of atrial fibrillation. Over a period of 
4 years patients with dual-chamber pacing provided signifi- 
cant improvements in quality of life, compared with ventricu- 
lar pacing, for six of eight SF-36 subclass in the carry-forward 
analysis. Summary scores for physical and mental components 
also improved significantly. If health status after crossover was 
included in the analysis, there were no significant differences 
between the two groups. The authors concluded that dual- 
chamber pacing in patients with sinus node dysfunction offers 
significant improvement over ventricular pacing, including a 
reduction of the risk of atrial fibrillation, a reduction of signs 
and symptoms of heart failure, and a slight improvement in the 
quality of life. Stroke-free survival was not improved by dual- 
chamber pacing compared to ventricular pacing. 

The UKPACE (UK Pacing and Cardiovascular Events) trial 
[34] randomly allocated 2000 patients aged 70 years and over 
with high degree (second degree or complete) AV block under- 
going first pacemaker implantation to receive a VVI (25%), 
VVI(R) (25%) or DDD (50%) pacemaker. The results are 
expected soon. 

10.1 Conclusions 

The later studies reveal no differences in all-causes or cardio- 
vascular death or stroke between the two pacing modes. New 
onset atrial fibrillation is significantly reduced by dual-cham- 
ber pacing in patients with sinus node dysfunction. It is quite 
obvious that physiologic pacing reduces signs and symptoms 
of heart failure and improves quality of life in patients with 
sick sinus syndrome over ventricular pacing. It is also obvious 
that physiologic pacing has no disadvantage compared to sin- 
gle-chamber ventricular pacing, with the exception of 
increased perioperative complications and the increased costs 
of dual-chamber pacing. Because both disadvantages can be 



eliminated by atrial pacing in patients with sick sinus syn- 
drome and normal AV conduction, this mode of pacing should 
also be considered in patients with this syndrome. Only a few 
patients need an upgrade to dual-chamber pacing because of 
new AV block. In 399 patients with sick sinus syndrome and 
atrial pacing the annual rate of new AV block requiring the 
implantation of a ventricular electrode was 1.7% [35]. However, 
a very cautious control is needed, because the lack of ventricu- 
lar pacing may be deleterious in these cases. Moreover, single- 
chamber atrial pacing - in contrast to dual-chamber pacing - 
does not allow individual programming of the AV interval [36]. 
Overall the implantation of a single-chamber ventricular pace- 
maker in patients with AV block and also with sick sinus syn- 
drome should not be regarded as an almost ‘criminal proce- 
dure’ - as it was some years ago. A better prognosis and a better 
quality of life is preferentially based on the pacemaker itself, 
independent of its mode [32]. However, physiologic pacing is 
preferable, especially in patients with sick sinus syndrome and 
in countries that are still able to pay the higher costs. 
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ECG 28.1 

82 y/f. Bradycardic atrial fibrillation (mean rate 30/min), pre- 
syncope. ECG: WI(R) pacemaker, rate 70/min (at rest). Every 
spike is followed by a wide QRS complex with LBBB pattern 
(endocardial right ventricular pacing). Atrial fibrillation. Note 
the different polarity of the pacemaker spikes (positive, nega- 
tive, biphasic) in different leads. 
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ECG 2«.2 

74 y/f. Complete AV block, atrial fibrillation. ECG: Wl pacemaker, rate 70/min. The pacemaker senses the (ventricular) premature 
beats (arrows) and pacing only occurs after an escape interval that corresponds nearly to the pacing rate. 




ECG 28 J 

80 y/m. Sick sinus syndrome (with intermittent sinus arrest, not shown). Wl pacemaker (1974). ECG: sinus rhythm, rate 82/min. 
After positioning a magnet, the pacemaker delivers impulses at a rate of 71 /min. The first two impulses are ineffective because 
they fall into the refractory period (arrows). After some beats the sinus node takes over the heart action again (not shown). 
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EC628.4 

77 y/m. Skk sinus syndrome. Wl pacemaker (implanted in 1972). ECG: because of nearly the same rate of the pacemaker and the sinus 
node, the rhythms often change. The third beat is a fusion beat (i), the sixth beat is a pseudofusion beat (t). 




ECO 28.5 

86/m. Bradycardic atrial fibrillation, presyncope. WI(R) pacemaker. ECG: change between conducted 
and paced beats. One fusion beat (iF) one pseudofusion beat (t PF). 
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ECG 28.6 

55 y/f. Complete AV block and sinus node dysfunction. 
DDDR pacemaker. ECG: AV sequential pacing of the atri- 
um and the ventricle, at a rate of 70/min (note the pace- 
maker spikes before the (flat) p waves and QRS com- 
plexes). 
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ECG 28 J 

62 y/m. Sick sinus syndrome. DDDR pacemaker. ECG: the 
p waves are sensed and the ventricles stimulated AV sequen- 
tially, at the sinusal rate of 67/min in limb leads and 72/min 
in precordial leads. 
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ECG 28.£ 

60 y/f. Sick sinus syndrome, AV block V.The ECG (monitor lead) during implantation of a DDD pacemaker shows intermittent pacemaker 
dysfunction, due to unstable position of the electrode tip. Two ventricular spikes are ineffective, the ventricular escape beat (i) is not 
sensed. 




EC6 28.9 

75 y/m. Complete AV block, atrial fibrillation. Generator depletion of a Wl pacemaker. ECG (50 mm/sec): ineffective pacemaker spikes 
(decreased rate of 44/min). Ventricular escape rhythm. Rate 44/min.The sensing function is still in action. The f waves are not visible in 
these leads. 




ECG 28.10 

64 y/f. Complete AV block, Morgagni-Adams-Stokes attacks. Wl pacemaker. ECG: during pacemaker control the pacemaker was inadvertent- 
ly inhibited for several seconds. A ventricular asystole of 4.2 sec occurred, without symptoms. 
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ECG 28,11 

82 y/m. Complete AV block. Wl pacemaker. ECG (50 mm/sec): ventricular pacing, rate 69/min. The VPB is not sensed (undersensing). 



£CG 28.12 

65 y/m. Complete AV block, syncope. 
Presyncope after Wl pacemaker 
implantation (1976), while chopping 
wood. ECG (Holter lead): the great pace- 
maker spikes suggest unipolar pacing. 
The third paced beat arises with small 
latency (inhibited for a very short peri- 
od), then ventricular asystole occurs 
during 5 sec. The inhibiting muscle 
potentials are scarcely visible. 
Oversensing and the symptoms disap- 
peared after programming the sensitiv- 
ity from 2.5 mV to 5.0 mV. 
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10 mm/mU 
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ECG2S.n 

75 y/m. Old Inferior Ml with aneurysm. In SR leads II, aVF and III reveal old inferior Ml, while during pacemaker rhythm there is the usual pattern of LBBB with QS com- 
plexes in these leads. The LBBB pattern in the precordial leads is common for paced beats, with a QS complex in all precordial leads (or a minimal R wave in lead Vg). 
The third QRS complex is a fusion beat {i) and imitates a loss of anterior potentials. The second and the last (spontaneous) QRS complexes are normal. 






KGI&AAa 

69 y/m. Extensive anterior Ml (left ventricular ejection fraction 30%) with 
intermittent complete AV block. ECG: ODD pacemaker. The anterior Ml can- 
not be identified. However, this is a striking intraventricular conduction dis- 
turbance (additionally to the LBBB pattern) with a 'paradoxical' positive 
QRS complex in V 2 and a Qr complex in V 3 .The sinusal p waves are very 
small. 
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ECG 28.14b 

Same patient. ECG (before pacemaker 
implantation): sinus rhythm, 57/min. AV 
block r, left anterior fascicular block. No 
pathologic Q waves, but unusual rSr' configu- 
ration in V 2 (and V 3 ) and reduction of the 
notched QRS complexes in V 4 to Vg ('special 
infarction patterns' see Chapter 13 
Myocardial Infarction). 




ECG 28.15 

44 y/f. AV block 3° (congenital?), presyncope. DDD pacemaker (1972) at the age of 42 years. Palpitations during 
1 week. ECG: 'endless loop' tachycardia at a rate of 125/min, interrupted by one sinus beat. The tachycardia could 
be abolished by increasing the atrial refractory period. 
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Chapter 29 

Congenital and Acquired (Valvular) Heart Diseases 



At a Glance 



Until the introduction of heart catheterization in the 1950s,con- 
genital heart disease was diagnosed by the interpretation of 
symptoms, heart auscultation, thoracic X-rays, and the ECG. In 
1967 Burch and DePasquale [1] published a book of 773 pages 
entitled Electrocardiography in the Diagnosis of Congenital Heart 
Diseases; one detail of note in this book is that four fomis of 
single ventricle were diagnosed (or suspected) on the basis of 
ECG features. However, modem diagnosis of congenital and 
acquired heart anomalies is made by heart catheterization and 
angiography, and even more often by echocardiogram and 
color Doppler. 

Nevertheless, the first suspicion of a congenital heart 
anomaly is presently based on the patient's symptoms and on 
several clinical findings. Let us not forget heart auscultation.The 
ECG may be quite typical in some congenital heart diseases, 
perhaps allowing one to presume the disease, sometimes (in 
the case of Eisenmenger syndrome) allowing one to recognize 
important hemodynamic aspects. 

ECG 

1 Congenital Heart Diseases 

Today we very occasionally meet adult patients who have had 
no surgical correction of their disease. The majority of operat- 
ed patients reveal a pattern of complete right bundle-branch 
block (RBBB), due to incision of the right ventricle (that pro- 
duces a similar pattern of RBBB to that due to proximal block 
of the right bundle branch). 

1 .1 Atrial Septal Defect of the Ostium 
Secundum Type 

Atrial septal defect (ASD) of the ostium secundum type (II) is 
the most frequent congenital heart disease (i4%-2i%) of all 



the significant ones. The ECG is quite uniform in about 90% of 
patients (ECG 29.1) with significant left-to-right shunt 
(> 50%), showing: 

i. frontal QRS axis (AQRSp) of about -h 60° 

ii. incomplete RBBB (iRBBB), generally with an r’>r 

iii. slight clockwise rotation (especially in patients with a 
markedly dilated right ventricle) 

iv. T wave negativity in (eventually up to V^/V^) 

V. in some cases there is a left axis of the frontal p wave, with 
a negative terminal part in III; generally the pulmonary 
artery pressure is normal. 

The regression of ECG signs of right ventricular hypertro- 
phy/dilatation after operation may last for years or may be 
incomplete. ASD II with small left-to-right shunt (and of 
course a patent foramen ovale) does not result in ECG abnor- 
malities. 

1.1.1 Differential Diagnosis 

Abnormal drainage of the lung veins (into the right atrium or 
the cava veins) with a great left-to-right shunt shows a similar 
ECG pattern, more often without iRBBB. 

Chronic pulmonary embolism or chronic cor pulmonale of 
the vascular type, due to intake of anorectic drugs (especially 
aminorex fumarate [2]) show an almost identical ECG pattern 
[3]. The diagnosis is made on the basis of anamnestic and other 
clinical findings. 

In acute and subacute pulmonary embolism, the ECG may 
be similar to that of ASD II. The diagnosis is made on the 
basis of history, symptoms, clinical findings, echo, Doppler, 
and, if available, helical CT (Chapter 8 Pulmonary Embo- 
lism). 
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1 .2 Atrial Septal Defect of the Ostium 

Prim urn Type 

In atrial septal defect of the ostium primum type (ASD I) the 
EGG is characterized by left-axis deviation, due to absence or 
interruption of the left anterior fascicle (EGG 29.2). An iRBBB 
may or may not be present. 

Major types of endocardial cushion defects (ASD I and ven- 
tricular septal defect (VSD) and complete atrioventricular 
(AV) channel) show similar EGGs, occasionally with RBBB, 
without operation. 

T .3 Valvular Pulmonary Stenosis 

In valvular pulmonary stenosis there is, in general, right-axis 
deviation. In about 60% of EGGs there is a tall R wave in Vj 
(EGG 29.3); in about 40% rSr’ configuration in (iRBBB), sim- 
ilar to ASD II. Signs of right atrial enlargement may be present. 

1 .4 Tetralogy of Fallot 

Without surgical correction the EGG is similar to that of valvu- 
lar pulmonary stenosis (EGG 29.4). With surgical correction 
the EGG has an RBBB pattern that is obligatory (EGG 29.5). 



The Full Picture 



ECG Special 

This section briefly discusses some of the rarer congenital 
heart diseases, the Eisenmenger syndrome, and acquired 
valvular diseases. 

3 Congenital Heart Diseases [14-6] 

3.1 Ductus Arteriosus Botalli 

In babies with great left-to-right shunt the rare pattern of left 
ventricular diastolic overload (Ghapter 5 Left Ventricular 
Hypertrophy) may be observed. 



1 .5 Ventricular Septal Defect 

A small VSD generally does not alter the EGG. Left-axis devia- 
tion may be present. A great left-to-right shunt leads to biven- 
tricular overload and may show (in children) the ‘Katz Wachtel 
sign’ (Ghapter 31 Special EGG Waves, Signs and Phenomena). 
Signs of left atrial enlargement may be present. 

2 Acquired Valvular Diseases 

There are no reliable EGG signs for differentiating between dif- 
ferent acquired valvular diseases. However, a special constella- 
tion of p and QRS alterations may provide a hint for the diag- 
nosis, e.g. atrial enlargement or atrial fibrillation combined 
with a vertical QRS axis suggests mitral stenosis. For more 
details see section 4.3 in EGG Special. 



3.2 Eisenmenger Syndrome 

Eisenmenger syndrome may occur in patients with excessive 
left-to-right shunts that lead to alterations of the small pul- 
monary artery vessels with consecutive severe (fixed) pul- 
monary hypertension. The additional right-to-left shunt is a 
consequence of pulmonary hypertension. The EGG is charac- 
terized by (often extreme) right-axis deviation and a tall 
R wave in Vj(V2), with or without alterations of ST/T in the 
precordial leads (EGG 29.6). 
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3.3 Transposition of the Great Arteries 

The frontal QRS axis depends on the mode of transposition. 
For all forms a huge R wave in lead Vj is common (EGG 29.7). 
The EGG may be similar to that seen in Eisenmenger syn- 
drome. For the EGG of congenitally corrected transposition of 
the great arteries, see EGG 14.17 in Ghapter 14 Differential 
Diagnosis of Pathologic Q Waves. 

3.4 Situs Inversus 

Situs inversus without additional abnormalities leads to a very 
typical EGG. There is inversion of p and QRS in the limb leads 
and a decrease of the R voltage in to (EGG 29.8). See also 
Ghapter 32 Rare EGGs. 

3.5 Ebstein's Anomaly 

The so-called typical Ebstein EGG consists of: 

i. extreme ‘p pulmonale’, with tall p waves in III and aVF and 
tall/peaky p waves in V^/V^ 

ii. right- axis deviation 

hi. ‘M’ configuration of QRS in leads III and aVF. In 25 years we 
have seen this pattern only twice in about 30 cases of 
Ebstein’s anomaly. The EGG alterations are often much 
more modest, or are absent or atypical (EGG 29.9). Even 
left-axis deviation may be present. 

3.6 Complex Congenital Cardiac Diseases 

EGG alterations in complex diseases often show QRS prolonga- 
tion and signs of right ventricular hypertrophy. However, many 
other patterns occur, depending on the anomaly. 

3.7 MKial Valve Prolapse (Barlow's Disease) 

Generally this disease is not connected with a typical EGG. In 
about 5%-io% negative asymmetric T waves in leads III/aVF and 
V5 are present - a pattern rarely seen in other conditions. In infer- 
olateral ischemia the T waves are mostly negative and symmetric. 

3.8 Hypertrophic Obstructive 
Cardiomyopathy (HOCM) 

Occasionally, the diagnosis is suspected by prominent Q waves 
in leads I, aVL, and to that may be combined with signs 



of left ventricular hypertrophy (LVH) (EGGs 5.iia-b, 5.12 and 
5.13 in Ghapter 5 Left Ventricular Hypertrophy). Other possible 
EGG patterns in hypertrophic obstructive cardiomyopathy are: 

i. signs of left ventricular hypertrophy without prominent 
Q waves 

ii. LBBB pattern 
hi. normal EGG (!) 

4 Acquired ^^lvular Heart Diseases 

On one hand, the EGG alterations generally depend on the 
severity of the anomaly. On the other hand, the EGG may com- 
pletely fail to show typical alterations, as happens for instance 
in left ventricular hypertrophy. 

4.1 Valvular Aortic Stenosis 

About 60% of valvular aortic stenosis patients show classic 
signs of left ventricular hypertrophy, generally with a slightly 
prolonged QRS and discordant negative asymmetric T waves 
in leads I, aVL, and V^/V^ (systolic overload) (EGG 29.10). An 
AQRSp of between + 30° and + 60° is not uncommon (though 
not present in EGG 29.10), probably because of concentric left 
ventricular hypertrophy. Especially in young adults, the EGG 
can be normal - even in severe aortic stenosis. 

4.2 Valvular Aortic Incompetence 

The pattern of ‘left ventricular diastolic overload’ is seen very 
rarely: 

1. tall R waves with deep Q waves in to Vg, without QRS 
prolongation 

2. slight ST elevation and tall symmetric T waves in the same 
leads. 

Generally the EGG pattern cannot be distinguished from that 
in valvular aortic stenosis: in advanced aortic incompetence 
we mostly find T inversion in the lateral leads (EGG 29.11). The 
AqrSf is generally more to the left than in valvular aortic 
stenosis, between -1- 30° and - 10°. 

43 Mitral Stenosis 

A pattern of extensive left atrial enlargement (p mitrale, with a 
peak-to-peak interval of > 40 msec) is found in > 60% of EGGs 
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(EGG 29.12). In advanced diseases atrial fibrillation is common. 
Right ventricular hypertrophy is often detectable by a vertical 
AQRSp and an incomplete RBBB (EGG 29.13) or a relatively 
high R wave in V^. 

4.4 Mitral Incompetence 

There are no typical EGG signs of mitral incompetence. In 
longstanding mitral incompetence only, left atrial enlargement 
(of a lesser degree than that in mitral stenosis) and obvious left 
ventricular hypertrophy are found in only about 30% of cases. 
Surprisingly, we may find a QRS counter-clockwise rotation 
instead of an expected clockwise rotation in left ventricular 
dilatation. 

For details about congenital heart disease see the book of 
Perlof (7). 
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ECG 29.1 

49 y/f. Atrial septal defect of the 
ostium secundum type (ASD II), 
left<to-right shunt > 60%. PA pres- 
sure normal. ECG: AQRSp + 105°. 
iRBBB with r' > r, T negative up to 
leadVs. 



ECG 29.2 

25 y/m. Atrial septal defect of the 
ostium primum type (A5D I). Left 
to right shunt 60%. PA pressure 
minimally increased. ECG: sinus 
rhythm, left atrial overload (lead 
: negative portion of the p wave 
greater than positive portion). 
AQRSp - 60°. iRBBB with r' > r (lead 
Vi).T negativity in V1/V2. 




ECG 29.3 

19 y/m. Severe pulmonary valve stenosis (gradient 
90 mmHg). ECG (paper speed 50 mm/sec): AQRS^ + 120°. Tall 
single R wave (15 mm), ST depression and negative T wave in 
V^. R > 5 in V2 to V4. Note: about 40% of ECGs in pulmonary 
stenosis show the pattern of iRBBB and this is difficult to dis- 
tinguish from that of ASD II. In ASD II a single R wave in is 
extremely rare. 
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ECG 29,4 

2 y/m. Fallofs tetralogy, not operat- 
ed. ECG (50 mm/sec): QRS right-axis 
deviation. R > S in lead V^, indicating 
RV hypertrophy. 






ECG 29.5 

26 y/m. Fallot's tetralogy operated 
1 0 years previously. ECG: AQRSp (of the 
first 60 msec) -i- 75 °. Direct pattern of 
RBBB in to V 5 (Vg), with giant 
amplitude of R' in V 2 /V 3 , correspon- 
ding to persisting severe RV hypertro- 
phy, confirmed by echo. 
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£CG 29 ,€ 

27 y/m. Huge ventricular septal defect 
with early Eisenmenger reaction at the 
age of 2 years. ECG: QRS right-axis devia- 
tion. Single R wave (30 mm) in V^. 
Positive T wave in all precordial leads. 



ECG 29.7 

14 y/f. d-transposition of the great arter- 
ies. Correction by Mustard operation 
12 years previously. ECG: sinus rhythm. 
AQRSp -f 160°. Huge R wave in lead 
(12 mm). High RS amplitude in V 2 /V 3 . 

T negativity in to V 5 . 
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ECG29.« 

40 y/m. Situs inversus in an otherwise healthy man. ECG: typical inversion of 
p waves and QRS complexes (similar or identical to that in false poling of the upper 
limb leads). rS complex in all precordial leads, with decreasing r amplitude from V-, 
to Vfi. ST/T alterations. 



ECG 29.9 

60 y/m. Ebstein's anomaly of medium to a 
severe degree. Right ventricular failure. 
ECG: sinus rhythm. Left (!) atrial enlarge- 
ment. AV block r. AQRSp (first 70 msec) 

-i- 70°. Complete RBBB.T negativity in 
to V 3 (to Vg). Note: the ECG does not sug- 
gest Ebstein's anomaly. Left atrial over- 
load, rather than right, is unusual. Also 
the so-called typical M-configuration in 
lead III is missed. However, in our experi- 
ence these ECG signs, that should be typi- 
cal for the disease, are often missed. 
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ECG 29.10 

71 y/f. Severe valvular aortic stenosis, 
hypertension. ECG: AQRSp - 40° (due to 
LAFB or LV hypertrophy?). LV hypertrophy, 
Sokolow index negative, Lyon and Gertsch 
indices positive, 18 mm. Descending 
ST segment and preterminal asymmetric 
negative T waves in leads I, aVL, and (V 3 ) 
V 4 to V 5 . Echo/Doppler: gradient 72 mmHg, 
LV mass 140 g/m^. 



ECG 29.11 

64 y/m. Mild aortic valve incompetence. ECG: typical pattern of'diastolic overload'. 
Relatively deep Q waves and tall, narrow R waves, slight ST elevation, and positive, high 
and peaked T waves in V 4 to Vg.The pattern is probably due to low rate sinus rhythm. In 
severe aortic incompetence the pattern of systolic overload is generally seen, like the pat- 
tern in valvular aortic stenosis. In valvular aortic stenosis a more 'rightward' AQRSp is 
often observed. 
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ECG 29*12 

44 y/f. Severe mitral stenosis with pulmonary hyperten- 
sion. ECG: probable p mitrale (T-P fusion). AQRSp about 
+ 110°. Single R wave in (2 mm). 



EC6 29.13 

43 y/f. Severe mitral stenosis with tricuspid regur- 
gitation. Mitral valve replacement and tricuspid 
de Vega plastic 2 years before. ECG: sinus rhythm 
1 16/min. P duration > 200 msec. The first peak of 
the p wave is partially hidden within the T wave. 
AV block 1 °. AQRSp + 115°. Qr in and V 2 . Alter- 
ation of the repoiarization. Coro: normal. 
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Chapter 30 

Digitalis Intoxication 



At a Glance 



Digitalis intoxication in its chronic or subacute form occurs 
especially in old patients with reduced body weight and in 
patients with renal failure. Based on new data, intoxication is 
more frequent in women than in men, possibly due to relative 
overdose. Conditions that increase sensitivity to digoxin may 
also be important, such as hypothyroidism, hypokalemia, 
hypomagnesemia, and acute ischemia. Moreover, drugs such 
as quinidine, amiodarone and spironolactone increase the 
serum level of digoxin. 

ECG 

Digitalis intoxication leads to conduction disturbances and 
arrhythmias. It affects the sinoatrial (SA) conduction and the 
supra-His atrioventricular (AV) conduction system. AV block 
1° often develops to AV block 2° of the Wenckebach type and 
may further progress to AV block 2 : 1, or in rare cases to com- 
plete AV block, always with a supra-His escape rhythm and 
small QRS complexes (Chapter 12 Atrioventricular Block and 
Dissociation). In patients with pre-existing atrial fibrillation, 
impaired AV conduction provokes bradycardia. Sinus brady- 
cardia may also be present. 

Many arrhythmias are due to increased automaticity in the 
atrium, the AV junction and the ventricles. The most common 
arrhythmias are frequent premature beats, especially ventricu- 
lar premature beats (VPBs) in bigeminy. In severe life-threat- 



The Full Picture 



Chronic digitalis intoxication is not a rare situation, because 
the drug is still used frequently, and because the mainly unspe- 



ening cases ventricular tachycardia ( VT) is common. The VT is 
often irregular, monomorphic, or polymorphic without tor- 
sade de pointes (ECG 30.1) and rarely of the type ‘torsade de 
pointes’. Ventricular fibrillation may occur, as well as cardiac 
standstill (ECG 30.2). A rare but quite typical arrhythmia - 
atrial tachycardia with AV block (generally 2 : 1) - is an exam- 
ple of enhanced automaticity and combined conduction 
impairment (ECG 30.3). It is worthwhile to note that digitalis 
intoxication may provoke nearly all cardiac arrhythmias, even 
tachycardic atrial fibrillation. ST depression is seen in patients 
with normal or pathologic digoxin levels, whereas a striking 
shortening of the QT interval is observed only in digitalis 
intoxication. 

1 Extracardiac Symptoms 

Most of the extracardiac symptoms are as common as they are 
unspecific, like fatigue, weakness, nausea, and vomiting. A 
combination of these symptoms with visual symptoms (such 
as enhanced perception of yellow and green and seeing haloes 
of light) may lead to the correct interpretation. In some cases, 
hallucinations and delirium have been described. 

Severe, acute digitalis intoxication is an extremely danger- 
ous condition and it needs complex emergency treatment 
(see ‘The Full Picture’). 



cific symptoms may lead to misdiagnosis. The incidence of tox- 
icity (of various degrees) in digitalized patients varies between 
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6% and 23% [1,2]. Most publications deal with digoxin. Results 
from a recent study suggest that digoxin increases mortality in 
women with heart failure and depressed left ventricular func- 
tion, in contrast to men [3]. Eichhorn and Gheorghiade [4] 
believe this is due to a high digoxin serum level in women, and 
they propose giving a dose that will result in a serum concen- 
tration lower than 1.0 nmol/1 - especially in women. 

ECG Special 

Besides common arrhythmias like VPBs (or supraventricular 
PBs) in bigeminy, VT and ventricular fibrillation, AV block of 
various degrees (especially of 2° Wenckebach type), and SA 
block, many other arrhythmias have been observed in digital- 
is toxicity. Atrial tachycardia with AV block is suspicious, in 
contrast to atrial flutter with AV block. However, this strict dif- 
ferentiation may be questioned in the light of recent progress 
regarding the electrophysiologic mechanisms and their capri- 
cious manifestations in the conventional ECG [5]. VT is gener- 
ally more or less monomorphic. Polymorphic VT of the type 
torsade de pointes is seen preferentially in combination with a 
prolonged QT duration due to other drugs such as quinidine 
and sotalol, or due to hypokalemia (ECG 30.4). 

Rare bradycardic arrhythmias include AV dissociation with 
and without interference and parasystole. 

2 Electrophysiology and 
Pharmacokinetics 

It is believed that digoxin increases myocardial contractility by 
inhibition of the sodium-potassium (Na‘*'-K‘*‘) adenosine 
triphosphatase (ATPase) pump, and by increasing myocardial 
cellular calcium uptake. Digitalis glycosides increase SA and 
AV nodal refractory times and at the same time shorten the 
refractory periods of the atrial and ventricular muscle [6]. 
These changes are mediated by a reduction in duration of the 
action potential, by increased phase 4 depolarization and 
reduction in the resting membrane potential. 

In the absence of severe malabsorption, digoxin is ade- 
quately absorbed from the intestinal tract even in the case of 
vascular congestion due to heart failure. Digoxin bio availabili- 
ty is about 80% and protein-binding is about 25%. Digoxin has 
a half-life of 1.6 days. It is filtered in the glomeruli and excret- 
ed by the renal tubules, mostly in unchanged form. Renal 
excretion surpasses biliary excretion by a factor of 7 when 
there is normal renal function [7]. Consequently, significant 



reduction of the glomerular filtration rate reduces the elimina- 
tion of digoxin, and may lead to toxic levels. 

The development of a radioimmunoassay for digoxin in 
serum has considerably improved the management of therapy 
and has contributed to a declining incidence of toxicity [8]. 
However, there is no strong correlation between the serum 
level and the ECG changes or symptoms. Only very high levels 
of > 6.0 nmol/1 correlate with an increased mortality rate of up 
to 50% [9]. 

3 Acute Digitalis Intoxication and its 
Therapy 

Acute digitalis intoxication is much more often related to sui- 
cide than accidents. The lethal dose of digoxin is about 15 mg . 
Serum levels are only reliable after a lapse of 8 h from intake of 
the drug. In otherwise healthy individuals digitalis toxicity 
manifests as impaired AV conduction [10,11]. Conversely ven- 
tricular ectopic beats are frequent in a diseased heart [11]. In 
acute overdose the potassium serum level is at the upper limit 
of ‘normal’ or it is increased, whereas in chronic toxicity potas- 
sium is generally normal (in the absence of renal failure). 

The emergency treatment consists of gastric decontamina- 
tion with ipecacuanha, charcoal, and lavage (with atropine pre- 
treatment). Digoxin-specific Fab antibodies should be admin- 
istered as early as possible. The superb effectiveness of this 
treatment has been documented in multicenter studies and in 
many case reports [12]. Antman et al [13] have shown that 80% 
of 150 patients had complete remission within a short time and 
54% of the 56 patients with cardiac arrest survived. Of 770 dig- 
italis-intoxicated patients in the observational surveillance 
study of Smith [14] 74% had complete or partial responses to 
the antibodies. Side-effects of digoxin-specific Fab antibodies 
are rare and are generally harmless. 

Severe hyperkalemia is treated with glucose, insulin and 
bicarbonate in order to shift potassium into the intracellular 
space. Lidocaine and phenytoin are used in the presence of 
ventricular arrhythmias due to enhanced automaticity, where- 
as pronestyl and quinidine should be avoided because of the 
depressant effect on SA and AV conduction. 

A temporary pacemaker is mandatory for the treatment of 
bradycardic episodes that may arise inadvertedly. Troester et al 
[15] describe the spectacular case of a 50-year-old woman with 
digitalis intoxication (1000 mg of oral digoxin) that was suc- 
cessfully treated. 
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ECG 303 

50y/f. Four hours after intake of 30 tablets digoxin 0.25 mg in a suicide attempt. Serum level 1 1 nmol/l. ECG (only Goldberger leads, V 2 , 
V 4 , Vg; other leads and rhythm strip lost): possible bidirectional ventricular tachycardia. Striking ST depression in some leads. 




ECG 303 

78y/f. Subacute overdose of digoxin. Serum level 9.4 nmol/l. ECG (continuous rhythm strip): no p waves detectable. Irregular AV junctional 
rhythm with several ventricular pauses up to 3.88 sec. 



538 



ECG 30.1 







ECG 30.3 

54y/m. Severe aortic and mitral valve disease. Subacute overdose of digoxin. Serum level 7.2nmol/l. ECG (paper speed 50 mm/sec): Atrial 
tachycardia (atrial rate 170/min) with high degree AV block 2 °; ventricular rate about 85/min. 
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ECG 30.4 

54y/f. 2 years after aortic and mitral valve replacement. Digoxin serum level 6.0 nmol/l. Potassium 2.0 mmol/l(!). VT of the type torsade de 
pointes, maximal instantaneous rate about 260/min.The VT is more likely due to hypokalemia than to digitalis intoxication. 
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Chapter 31 

Special ECG Waves, Signs and Phenomena 



At a Glance and The Full Picture 



This chapter was designed to illustrate that there are still some 
clinically relevant ECG signs or phenomena that are often 
connected with the names of their Inventors', while others are 
only of historical interest (or are ridiculous). It is likely that 
readers of both sections will be interested in this subject. The 
'special waves' are listed in alphabetical order. 

1 Ashman Phenomenon 

The so-called Ashman phenomenon was first described by 
Lewis [i] in 1910 (!) and in 1943 by Gouaux and Ashman [2] and 
may occur intermittently in atrial fibrillation and other atrial 
supraventricular arrhythmias. After a relatively long R-R inter- 
val, the following beat (after a short interval) is conducted with 
aberration, more frequently with a right bundle-branch block 
(RBBB) pattern than with a left bundle-branch block (LBBB) 
pattern (ECG 31.1). If this constellation is observed several 
times and the BBB pattern shows the characteristics of aberra- 
tion, ventricular premature beats can be excluded and this 
pseudoextrasystole should not be treated. But is this true? In a 
review by Chaudry et al [3] which relies on publications with 
His bundle derivations, the reliability of the Ashman phenom- 
enon is more than doubted. The last sentence of the paper 
states ‘The Ashman phenomenon should be taught as a reason- 
able historical attempt that ultimately failed’. Incidentally, 
Akiyama et al [4] described an isolated Ashman phenomenon 
of the T wave also. 

2 Brugada Sign or Syndrome 

An ECG pattern with ST elevations in the right precordial leads 
not related to myocardial ischemia was already described by 
Osher and Wolff [5] in 1953. In 1954 Edeiken qualified the pat- 
tern as ‘probable normal variant’ in the right precordial leads. 



disappearing with leads attached 1 to 2 cm lower [6]. Only in 
1992 was this ECG alteration identified as a distinct clinical 
entity associated with a high risk of sudden cardiac death by 
Brugada and Brugada [7]. Together with the congenital ‘long 
QT syndrome’ and the ‘arrhythmogenic right ventricular car- 
diomyopathy’, the Brugada syndrome represents the most 
important genetically determined arrhythmogenic substrate 
so far, and is linked to the SCN5A gene encoding the cardiac 
sodium channel. The ECG is characterized by ST elevations in 
leads Vj to (V^), also described as ‘prominent J waves’ 
(ECGs 3i.2a-b, and 3i.3a-b). An atypical pattern of incomplete 
RBBB (without right ventricular conduction delay) and AV 
block 1° with HV interval > 55 msec are common. The QT inter- 
val may be prolonged. 

Patients with the Brugada syndrome are at a high risk for 
ventricular arrhythmias, especially ventricular fibrillation. 
Generally no structural heart disease is detectable, but associ- 
ation with right ventricular myopathies has been described. 
Brugada et al published results from 334 members of 25 
Flemish families with the syndrome; there were 42 sudden car- 
diac deaths, 24 of which were related to the syndrome, and all 
in symptomatic families [8]. The typical ECG may be 
unmasked by antiarrhythmic drugs (flecainide, ajmaline, pro- 
cainamide, propafenone) and be masked by beta-blockers and 
other drugs. Patients with Brugada syndrome have been 
detected all over the world and it seems that this syndrome, 
together with the ‘long QT syndrome’, is one of the most fre- 
quent causes for sudden cardiac death in young otherwise 
healthy individuals. However, in a series of 39 consecutive 
patients (mean age 41 ± 15 years; 24 men) with idiopathic ven- 
tricular fibrillation, Viskin et al [9] found the Brugada sign in 
only eight patients (21%). Three patients had incomplete RBBB 
without ST elevation, and 28 had a normal ECG. In 592 healthy 
controls a ‘definitive’ Brugada sign was not seen in any case and 
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a ‘probable/questionable' sign in five individuals (i%). 
Unmasking of the Brugada sign was tried with class lA antiar- 
rhythmic drugs (intravenously) in six patients and in 26 
patients orally, but flecainide was not used and genetic deter- 
mination was not performed. 

Differentiation between ‘definitive' Brugada sign and the 
‘questionable/borderline’ Brugada sign is not always easy. 
ECGs 31.4, 31.5, 31.6 and 31.7 show examples of ‘pseudo’ Brugada 
signs. However, it is convenient to ask such patients about 
symptoms and about a family history of sudden death. 
Moreover, the typical EGG pattern may be mimicked by over- 
dose of antidepressants such as clomipramine, and by poison- 
ing with neuroleptic agents that block sodium channels 
[10-12]. 

It is also important to know that the Brugada sign may 
occur only intermittently (with a normal EGG in the intervals). 

Sangwatanaroy et al [13] propose placing the leads to 
one and two intercostal spaces higher (the leads are then called 
-Vj to -V^, and to -2Vy respectively) in order to unmask 
the syndrome in unclear cases. This new EGG method has been 
successful in several cases, and was warmly accepted by the 
‘Brugada family’ [14]. 

Short Story/Case Report 1 

In November 1999 a 62-year-old man with a history of dia- 
betes and hypertension was admitted to hospital because of 
fever and short episodes of loss of consciousness. The EGG 
showed a typical Brugada pattern (EGG 31.3a) that was less 
typical 1 day later (EGG 31.3b). Creatine phosphokinase 
(CPK) and troponin were normal. Echo showed moderate 
left ventricular hypertrophy (LVH) and normal LV function. 
Holter EGG revealed some ventricular premature beats 
(VPBs), two episodes of supraventricular tachycardia (SVT) 
(up to 8 beats) with a maximal rate of 170/min. Elect ro- 
physiologic testing showed easy induction of ventricular fib- 
rillation. There was an increase of ST elevation in from 
2 mm to 5 mm after ajmahne. The fever was due to an uri- 
nary tract infection. 

A diagnosis of Brugada syndrome was made. The short 
episodes of syncope were thought to be from VT or SVT 
(together with fever). Taking into account the age of this 
patient and the negative family history, implantation of an 
implantable cardioverter defibrillator (I CD) device was pro- 
posed, but not performed. Two years later the patient was 
well, without symptoms. 



Diagnostic criteria for the Brugada syndrome were proposed 
in a ‘Consensus Report’ that presented three EGG patterns with 
different grades of junction-point elevation and ST segment 
elevation, as well as T wave morphology [15]. 

3 Cabrera Sign 

In 1953 the Mexican cardiologist Cabrera [16] described a notch 
of the S upstroke in precordial leads (generally to V^) that is 
quite specific (differential diagnosis: severe hypertrophic car- 
diomyopathy) but poorly sensitive for old (anterior) myocar- 
dial infarction, in the presence of LBBB (ECGs 31.8 and 31.9) 
[16]. 

4 Chatteijee Phenomenon 

In 1979 Chatter) ee et al [17,18] observed an interesting phenom- 
enon. Thirty-one patients with a ventricular pacemaker showed 
striking inversion of the T wave in their ECGs after weaning 
from the pacemaker. The spontaneous rhythm was a ventricu- 
lar or supraventricular escape rhythm. The T negativity was 
predominantly present in the chest wall leads but also in the 
inferior leads in some cases. The longer the time in which the 
patient had not been paced, the longer the T negativity persist- 
ed (up to years). The amplitude of the negative T wave was relat- 
ed to the voltage of the pacemaker. This type of ‘electrical mem- 
ory’ is clinically important because these T alterations are much 
more frequently associated with post-pacing than with coro- 
nary ischemia (ECGs 3i.ioa-b). The phenomenon is also seen 
after reversion of spontaneous LBBB (EGG 31.11). Alessandrini 
et al [19] (and others) have shown that ‘cardiac memory’ is not 
only restricted to electric alterations, but also involves diastolic 
LV function for a certain time. 

5 Delta Wave 

Delta waves are the main signs for diagnosis of ventricular pre- 
excitation in the Wolff-Parkinson-White syndrome and are 
combined with a shortened PQ interval (0.08-0.12 sec) in 99% 
of cases (EGG 31.12). The shortened PQ interval combined with 
a ‘slurring’ of the initial QRS was first described by Wilson in 
1915 [20], the syndrome (in combination with tachycardias) 
was described by Wolff, Parkinson and White in 1930 [21], and 
the term ‘delta wave’ was introduced by Segers et al in 1944 [22], 
inspired by the Greek letter d (A), similar to the small initial 
deformation of the QRS complex (see Chapter 24 Wolff- 
Parkinson-White Syndrome). 
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6 Dressier Beat 



In 1952 Dressier and Roesler published an observation of inter- 
mittent atrial captures during ventricular tachycardia present- 
ing as narrow QRS complexes [23]. Fusion beats are more often 
encountered than full capture with normal QRS configuration 

[24] (EGG 31.13). 

7 Early Repolarization 

This alteration of the repolarization is a rare normal variant 
(EGG 31.14). The mechanism is not clear. The EGG pattern may 
be misdiagnosed as acute MI (for details see chapter 3 The 
Normal EGG and its (Normal) Variants). 

8 Epsilon Wave 

The epsilon wave, a small delayed potential in lead in the 
region of the ST segment (EGGs 3i.i5a-b) was first 
described by Fontaine et al [25]. It represents delayed acti- 
vation of right ventricular portions by slow fractionated 
conduction in patients with right ventricular cardiomyopa- 
thy, often combined with ventricular arrhythmias. For this 
reason, the disease is also called ‘arrhythmogenic RV dys- 
plasia’ [26-29]. T negativity in V^/V^ is often observed and 
a QRS duration longer in than in may occasionally be 
seen [26]. 

9 McGee Index 

The McGee index describes the duration of the p wave in rela- 
tion to the PQ interval (which must be normal). A p duration 
of > 60% of the PQ interval is an indicator for left atrial hyper- 
trophy. This index is no longer used. Today LA enlargement is 
diagnosed by p duration of > 0.12 sec. 

10 McGinn White Pattern (S^Qm Type] 

A Sj/Qjjj type (or a Sj/Qjjj/Tjjj type with a negative T wave in 
lead III), first described by McGinn and White [30], has dif- 
ferent levels of significance. In its acute form it is seen in 
many cases of major pulmonary embolism. In some cases, an 
Sj/rSr’jjj type is observed. A slow evolution of the pattern 
may be a sign for right ventricular hypertrophy. Often a 
Sj/Qiii type is seen in normal hearts, especially in young peo- 
ple. 



1 1 Katz-Wachtei Sign 

In 1937 Katz and Wachtel [31] described in children with con- 
genital heart disease a diphasic QRS type, a huge RS complex 
in leads III and II or I, with the minor deflection > 20% of the 
major one. Later, a ‘Katz Wachtel variant index’ (R -H S > 40 mm 
in lead or V^) was thought to be typical for biventricular 
hypertrophy, especially in children with ventricular septal 
defect. These rather vague signs are no more used. 

12 Nadir Sign 

In a premature beat or ‘wide QRS complex’ tachycardia with an 
LBBB-like pattern, a duration of > 60 msec (or better 
> 70 msec?) from QRS onset to the ‘nadir’ of the S wave in lead 
Vj (EGG 31.16) strongly favors a ventricular origin of the 
arrhythmia (Ghapter 26 Ventricular Tachycardia). 

13 Osborn Wave 

The Osborn wave (also called the ‘J’ wave, the ‘J wave deflec- 
tion’, ‘the camel’s hump’ or the ‘Dromedary wave’), is a positive 
short deflection in the region of the J point, with an amplitude 
of 0.5-2 mm, and is regularly seen in patients with hypother- 
mia [32] (EGG 31.17). The alteration is often present in most of 
the 12 standard leads but may also be restricted to the antero- 
lateral leads. In a prospective study, Vasallo et al [33] detected 
the Osborn wave in all 43 studied hypothermic patients. The 
amplitude of the wave was related to the grade of hypothermia. 
Occasionally an Osborn wave-like alteration was found in nor- 
mothermic patients also, e.g. in coronary heart disease (GHD) 
and pericarditis [34,35], after head injury [36] and after electric 
defibrillation. Kalla et al [37] described a 29 -year-old man 
without structural heart disease, with recurrent ventricular 
fibrillation and ‘J waves’ in the inferior leads, combined with ST 
elevation. The authors presumed a possible variant of the 
Brugada syndrome. 

In a more recent experimental study, a voltage gradient 
between the epicardial and endocardial action potential was 
detected as an explanation for the Osborn wave [38]. 

Minimal Osborn waves (< 1 mm) are occasionally seen as nor- 
mal variants, especially in leads V^ to V^ (EGGs 31.18 and 31.19). 

14 Pardee Q Wave 

In 1941 Pardee [39] described a Q wave with an amplitude 25% 
greater than the R wave in lead III as typical for old inferior ML 
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Later a Q wave of > 0.04 sec duration in lead III was called 
‘Pardee Q\ Such a Q wave is found in many other conditions 
(e.g. in LV hypertrophy, pre-excitation or just as a normal vari- 
ant), and inferior infarction often does not show a ‘classical 
Q wave’ (e.g. in combination with left posterior fascicular block 
or in ‘unusual infarction patterns’; see The Full Picture in 
Chapter 13 Myocardial Infarction); thus the term ‘Pardee Q’ 
should no longer be used. 

1 5 R-on-T Phenomenon 

The R-on-T phenomenon is defined as a ventricular premature 
beat (VPB) following very early the preceding ventricular cycle. 
As the term indicates, the QRS (‘R’) falls into the preceding 
T wave, before 90% (or 85%?) of the preceding QT interval - into 
the so-called ‘vulnerable period’ of the repolarization. Forty 
years ago the R-on-T phenomenon was believed to be a danger- 
ous and reliable precursor of ventricular fibrillation and took 
the highest ranking (class 5) in Town’s classification of 
VPBs [40]. In the late 1970s several authors could not find a cor- 
relation between the prematurity of VPBs and consecutive ven- 
tricular fibrillation in patients with and without acute MI 
[41-43]. This finding was confirmed more recently by Chiladakis 
et al [44]. The R-on-T phenomenon has apparently lost much of 
its previous importance and is not even mentioned in the 1997 
edition of Braunwald’s book Heart Disease [45]. 

On one hand, it is now generally accepted that the R-on-T 
phenomenon is not a reliable precursor of ventricular fibrilla- 
tion, and is seen in many cardiac patients with VPBs and fast 
ventricular tachycardias, especially in polymorphous VT of the 
type ‘torsade de pointes’. Rodstein et al [46] followed 59 indi- 
viduals with ‘R-on-T’ VPBs; none of them died during a follow- 
up of 18 years. The grade of prematurity of VPBs was not clear- 
ly defined. 

On the other hand, studies on patients with VF during 
ambulatory EGG have revealed an R-on-T phenomenon imme- 
diately inducing VF in a high percentage. Von Olshausen et al 
[47] combined the results of eight studies with no patients 
(CHD in 74%). In 43% an R-on-T phenomenon was found as a 
‘trigger’ of VF. The authors pointed out that often the R-on-T 
phenomenon was not followed by VF. It is also known that late 
VPBs (falling in the late phase 4 of the cardiac cycle, e.g. in the 
region of the following p wave) may trigger ventricular tachy- 
cardia and fibrillation [41,47]. Tye et al [48] used the term ‘R on 
P’ for these late VPBs. 

In our experience, a special form of VPB with the R-on-T 
phenomenon may be dangerous. If a single VPB occurs 



extremely early - that is, falling into the T wave at its apex or 
even slightly before - this represents a high-grade nonhomo- 
geneity of repolarization. We have never observed this kind of 
VPB in healthy hearts, but have encountered it in several 
patients with acute or chronic CHD, and in isolated cases with 
hypertrophic left cardiomyopathy and arrhythmogenic right 
ventricular dysplasia. In these very rare patients, ventricular 
fibrillation occurred within minutes or days. 

Short Story/Case Report 2 

In April 2000 a 7S-year-old patient had an acute anterosep- 
tal infarction. Because of persisting angina despite adequate 
therapy he was transferred from a regional hospital to the 
university clinic 10 days later. Coronary angiography 
revealed severe three- vessel disease with proximal stenosis; 
the LV ejection fraction was moderately decreased (50%). 
Triple aortocoronary bypass operation was performed 1 day 
later. The postoperative course was uneventful, the moni- 
tored ECG showed only some banal VPBs. The patient was 
transferred to the general department. A 12-lead ECG on day 
5 after the operation showed numerous monomorphic VPBs 
with an extremely short coupling interval, an excessive R- 
on-T phenomenon (ECG 31.20a). The patient was ECG mon- 
itored and oral amiodarone was given. During the following 
night, shortly after some fast ventricular runs (ECG 31.20b) 
he developed two episodes of ventricular fibrillation and 
had to be reanimated electromechanically. Amiodarone was 
given intravenously and orally. The re-coro revealed open 
bypasses but a new stenosis (plaque rupture?) of the CX 
artery, distally to the graft. Percutaneous transluminal coro- 
nary angioplasty (PTC A) was performed. Thereafter, rele- 
vant arrhythmias and R-on-T phenomena on the ECG mon- 
itor and in the Holler ECG disappeared. Five days later the 
patient was allowed home, with amiodarone 200 mg/day. 
Two years later he remained well (amiodarone 100 mg/day). 

A ‘visual’ extreme R-on-T phenomenon is also seen in atrial 
fibrillation at a high instantaneous rate (more than 220/min). 
In these cases we have never observed ventricular fibrillation, 
except in the WPW syndrome. 

If a VPB falls into the T wave later than 90% of the preced- 
ing QT interval, the term ‘R-on-T’ is fulfilled. However, in this 
case the VPB falls into the ‘supernormal period’ and not into 
the ‘potential vulnerable period’ of repolarization. Those ‘R- 
on-T phenomena are always harmless and may also be seen in 
healthy individuals. 
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16 Shallow s Sign 

This sign is better called ‘shallow s in lead Vj/deep S in lead V^’. 
It is occasionally seen in biventricular hypertrophy. The deep S 
wave in is a hint for left ventricular hypertrophy, whereas 
the s wave in is reduced by opposite vectors of the hypertro- 
phied right ventricle. The sign is interesting for very enthusias- 
tic ECG readers but is not reliable as also other criteria for 
biventricular hypertrophy are not convincing (Chapter 7 
Biventricular Hypertrophy). 

17 Stork Leg Sign 

This sign is characterized by a small positive deflection at the J 
point and probably represents a variant of the Osborn wave, 
commonly seen in hypothermic patients (see section 13 above). 
In the context of acute pericarditis, it is called ‘stork leg’ sign in 
Europe; it is seen in about 25% of cases, together with other 
more reliable ECG findings (Chapter 15 Acute and Chronic 
Pericarditis). 

Final Comment 

Hurst produced an entertaining paper about the naming of 
normal ECG waves, which also covers some abnormal 
waves [49]. 
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ECG 31*1 

Ashman beat. 82 y/m. Chronic atrial fibrillation. ECG ( Vi/V 2 /V 6 ): after the longest R-R interval the next beat is con- 
ducted with RBBB aberration. 
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ECG 11.2a 

Brugada syndrome. 53 y/m. No symptoms, ECG performed acciden- 
tally. ST elevation in leads V| and V 2 is compatible with the 
Brugada sign. 



ECG 31.2b 

Same patient. After intravenous flecainide the pattern in leads 
and V 2 is more typical for a Brugada sign. Considering the absence 
of symptoms, the absence of family history for premature sudden 
death (the patient had no children) and the normal ambulatory 
and exercise ECGs, no further investigations were performed. 
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ECGSIJa ECG313b 

Brugada syndrome. Short story/Case report 1 . 62 y/m. QRS left-axis Same patient, 1 day later. Less typical Brugada ECG pattern, 

deviation (LAFB), LVH. Typical pattern of incomplete RBBB,ST ele- 
vation and negative T waves in leads to V 3 (V 4 ). 
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ECG31.^ 

Pseudo Brugada ECG sign. 78 y/m. Hypertension, pul- 
monary emphysema. ECG: incomplete RBBB, ST ele- 
vation, and positive T waves in V 2 /V 3 . High amplitude 
of QRS in Y 4 to Vg, suggestive for LVH. Echo: LV mass 
152 g/m^, normal systolic LV function. 
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ECG31.5 

Pseudo Brugada ECG sign. 71 y/f. CHD with old inferior and 
anteroseptal Ml and aortocoronary bypass operation. ECG: possibly 
incomplete RBBB (minimal r' wave in to V 3 , small r' in aVR). ST 
elevation in V<| to V 4 , minimal T negativity in V 2 . 



ECG31J 

Pseudo Brugada. 38 y/f. Normal heart, no family history. ECG: 
incomplete RBBB, ST elevation in negative T in V^, posi- 

tive T in V 2 .The ECG was interpreted as normal variant. 
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ECG31.7 

Pseudo Brugada ECG sign. 48 y/f. Lumbar disc prolapse. No 
cardiac symptoms, no family history. ECG: incomplete 
RBBB, ST elevation in positive T waves. 



ECG31J 

Cabrera sign. 75 y/m. 18-year-old extensive anterior Ml. ECG: sinus rhythm, 
LBBB. Atypical increase of the R wave in to V 4 . Pathologic notching in five 
precordial leads (V 2 to Vg), indicating anterior Ml. Inferior Ml not diagnos- 
able. Echo: apical dyskinesia, lateral and inferior akinesia; ejection fraction 
25%. 
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ECG31.9 

Cabrera sign. 67 y/m. Anterior, lateral, 
inferoposterior Ml 20, 5 and 4 years ago. 
ECG: sinus rhythm, AV block 1 LBBB. Q 
in aVL, rsR' in I, notched QRS in V 5 /V 5 . 
Cabrera sign in to V 4 . High R wave in 
V 2 , decreasing in the leads up to V 5 . 
Coro: severe three-vessel disease; LV 
ejection fraction 25%. 



553 



Chapter 31 ECGs 






ECG 11,10a 

Right ventricular pacing. 63 y/m. Sick sinus syndrome. ECG: 
LBBB pattern. 



ECG 31.10b 

Chatterjee phenomenon alter stopped pacing. In sinus rhythm the T waves 
are inverted (negative) in the inferior and precordial leads. 
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ECGi>*ll 

Chatterjee phenomenon after sponta- 
neous LBBB pattern, 82 y/f. Hyperten- 
sion. ECG: the last beat with LBBB 
aberration is an atrial PB.The follow- 
ing sinusal beats show slightly nega- 
tive T waves in to V 4 . 
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ECG 31.12 A 

Delta wave. 60 y/f. Typical delta waves in several leads (see A). Note 
the negative delta waves in leads III and aVF. 



ECG 31.13 ^ 

Dressier beat. 44 y/m. Dilating cardiomyopathy. ECG (precordial 
leads): ventricular tachycardia, rate 140/min. RBBB pattern. The 
fourth QRS is smaller, corresponding to a fusion beat (arrow). Note: 
this QRS remains positive in leads V<| and V 2 where it should nor- 
mally be negative. 
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ECG 31.14 

Early repolarization. 31 y/m. 
Normal heart. ECG (precordial 
leads): ST elevation in leads 
to V 4 that is concordant with 
the QRS in V3 and V4. See also 
more spectacular cases in 
Chapter 3 The Normal ECG and 
its Normal Variants. 




ECG 31.15a 

Epsilon wave. 31 y/m. Histologically proved sarcoidosis 
of several organs, also of the RV. Episodes of fast VT and 
presyncope. ECG: sinus rhythm, AQRSp - 75 °, Negative 
(and symmetric) T waves in to V 3 and aVF/ll. Epsilon 
wave in lead V^.The patient received an ICD device. 




ECG 31.15b 

Same patient, ECG augmented. 
Epsilon wave in lead (arrow). 
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ECG 31.16 

Nadir sign. 70 y/m. Old anterior infarction with aneurysm. VT with LBBB-like QRS, QRS duration 160 msec. Ventricular rate 
143/min. AV dissociation, best recognizable in lead aVF (arrow), atrial rate 85/min. Nadir-sign (duration from beginning of QRS 
to the nadir of the S wave in lead V^): 80 msec. Note: the transition zone is similar as in aberration, with quite abrupt change 
of negative to positive QRS in V 4 /V 5 , possibly due to old anterior infarction. 
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ECG31.17 

Osborn waves. 54 y/m. ECG stripe during open heart sur- 
gery: Osborn wave (arrow), decreasing during rising of 
body temperature. 




ECG 31.18 

Osborn waves. 47 y/m. Erythrodermatitis, 
normal heart. ECG (precordial leads): Osborn 
waves in V 3 -V 5 (arrows). 





ECG 31.19 

'Micro' Osborn wave. 32 y/f, normal heart. Very 
small Osborn wave in leads V 3 -V 5 (arrows). 
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ECGSUOa A 

R-on-T phenomenon. 78 y/m. Short 
Story/Case Report 2. ECG (leads V 3 and 
V 4 ): sinus rhythm, 63/min. Single VPBs 
falling into, or even slightly before, the apex 
of the T wave. 




ECG 31.20b > 

Same patient. Monitor stripe: sinus rhythm, 
93/min. VPBs falling distinctly after the T 
apex. The third VPB induces a short VT, with 
'true R-on-T phenomena' at a maximal 
instantaneous rate of about 280/min. 
However, during fast VT, this phenomenon is 
common, also without being a precursor of 
ventricular fibrillation. 
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Chapter 32 

Rare ECGs 



At a Glance and The Full Picture 



This chapter is not divided into two sections because 
everyone will be interested in this subject. Another purpose of 
this chapter is to entertain you - especially 'old ECG cracks' - 
and the author himself. 

ECG and ECG Special 

ECG 32.1 

Multifocal or Chaotic Atrial Rhythm 

Patient 6o y/m. Severe obstructive lung disease. Hypertension. 
Digoxin 0.125 mg/day, diuretics. ECG (Vj/V^): instantaneous 
rate of 50-85/min. P wave morphology is always different, so 
are the PQ intervals. Consequently absolute irregularity of the 



ventricular action is present. Longer episodes of the arrhyth- 
mia persisted also after discontinuing with digoxin. The 
patient died 7 months later of pneumonia. 

The arrhythmia is very rare if the strict definition is con- 
sidered: 

i. different morphology of p waves, without a regular basic 
rhythm. Generally there are innumerable different p config- 
urations 

ii. constantly different R-R intervals (completely irregular 
ventricular response=‘absolute ventricular arrhythmia’ as 
in atrial fibrillation!) 

iii. varying PQ intervals 

iv. beats with AV block 1° may occur as well as AV escape beats 
and supraventricular premature beats 




ECG 32.1 
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V. the rate is generally 8o-ioo/min; tachycardia > 120/min is 
rare (in those cases the term ‘multifocaF atrial tachycardia 
is used). 

The arrhythmia lasts for minutes, hours, or days and has no 
hemodynamic consequences at a normal rate. However, due to 
frequent association (in about 50%) with severe chronic 
obstructive lung disease the prognosis is generally not good. 
About half of patients die within 6-12 months of the underly- 
ing disease. The association with digitalis intake has been 
described. In our experience degeneration into atrial fibrilla- 
tion is rare but has occasionally been documented. 

Differential diagnosis: sinus rhythm with multiple atrial 
premature beats (a generally harmless arrhythmia) [1,2]. 

ECG 32.2 

Absent Pericardium 

Patient 60 y/m. Severe two-vessel disease (left anterior descend- 
ing coronary artery (LAD): 90% proximal stenosis; Circumflex 
(CX): 80% stenosis), normal LV function. ECG: sinus rhythm 
58/min. Negative p in leads V^/V^, biphasic p in V^/V4(V5). 
Frontal QRS axis (AQRSp) + 135°. Striking QRS clockwise rota- 
tion. Incomplete right bundle-branch block (iRBBB) with min- 
imal first r wave in V^. Negative T wave in V^/V^. 

Short Story/Case Report 1 

Although the cardiac surgeons were informed about the 
extensive anatomical clockwise rotation of the patient's 
heart (detected during coronary angiography), they per- 
formed a sternotomy. As only a part of the right atrium was 
visible, the patient was turned on his right side and two 
bypass grafts were attached to the LAD and CX through a 
left posterior thoracotomy. This operation lasted more than 
5 hours instead of 2 hours. However, the patient was well 
5 years later. 



Congenital complete absence of pericardium is extremely rare 
and may be associated with diaphragmatic and other anom- 
alies. Common ECG alterations are: 

i. AQRSp > "t" 60° 

ii. QRS clockwise rotation 
hi. incomplete RBBB 

iv. peaked positive p waves in V^/V^ (in contrast to our case). 
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ECG 32.2 

Thoracic X-rays show a blurred contour of the cardiac silhou- 
ette, and absence of a clear heart waist [3-5]. 

ECG 32.3 

Right Ventricular Dysplasia 
(Arrhythmogenic Right Ventricular 
Cardiomyopathy) 

Patient 40 y/m. Frequent ventricular premature beats (VPBs) 
with a left bundle-branch block (LBBB)-like pattern for 3 years. 
Intermittent therapy with amiodarone. After a short malaise 
the patient had severe syncope without a pulse. Fortunately, 
reanimation was begun after 2 minutes. The ECG showed ven- 
tricular fibrillation. After defibrillation the patient recovered. 
The echo revealed a severe dilatation and poor function of the 
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ECG32.3 



right ventricle. The coronary arteries were normal. An ICD 
device was implanted. Sinus rhythm 53/min. Tall and peaked 
p waves in to V^. PQ 0.14 sec. AQRSp about + 180°. Peripheral 

low voltage. QRS clockwise rotation. Incomplete RBBB with 
rsR’S’ type in (in this lead the QRS duration measures 
20-40 msec more than in lead V^! Slight ST depression in 
Vj/V^, slight ST elevation in to V5 (and I/II). Flat T waves in 
limb leads, negative T waves in up to V^. 

Right ventricular dysplasia (RVD) is a rare congenital dis- 
ease. Together with the Brugada syndrome and the long QT 
syndrome, right ventricular dysplasia is responsible for sudden 
death in young people, due to ventricular fibrillation. In the 
ECG an incomplete RBBB and negative T waves in the right 
precordial leads (that may expand to the lateral wall) are com- 
mon. 




ECG UA 



There is generally a frontal QRS right- axis deviation, but all 
other QRS axes may be seen. Incomplete RBBB may show three 
to five deflections (rsr’s’r”) and the QRS duration in may last 
10-40 msec longer than in V5 (as in our case). In rare cases an 
Epsilon wave is observed in lead (see Chapter 31 Special ECG 
Waves, Signs and Phenomena ) [6-12]. 

ECG 32.4 

Severe Hypertrophic Cardiomyopathy 

Patient 34 y/m. Hereditary hypertrophic (non-obstructive) car- 
diomyopathy. Left ventricular wall thickness 3.8 mm. Severe 
diastolic dysfunction leading to disability and requiring heart 
transplantation. Sinus rhythm 62/min. Left atrial enlargement 
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(p duration o.i8 sec). Peaked p waves in V^/V^ indicate also 
right atrial overload. AV block i°. AQRSp about - 8o°. Peri- 
pheral low voltage. Bizarre QRS complexes with multiple 
notches, duration 260 msec(!), with an abnormal LBBB-like 
pattern. No distinct ST segment. Deformation of T waves in 
to V4. QT interval 630 msec(!). The rsR’ complex in leads 1, aVL 
and V5/V5 could reflect a special infarction pattern in the pres- 
ence of LBBB. The enormous QRS duration is more consistent 
with a severe hypertrophic left ventricular cardiomyopathy, 
however. 



ECG 32.5 

Strange RWave in Lead V 2 in a Patient with 
Severe Hypertrophic Cardiomyopathy 

Patient 20 y/f. The patient was controlled for hereditary severe 
hypertrophic cardiomyopathy, surprisingly without obstruc- 
tion. Septal diameter 40 mm(!), diameter of the free left ven- 
tricular wall 12 mm. ECG 32.5a shows a sinus rhythm of 58/min. 
Negative p wave in Vp AQRSp - 60°. High QRS voltage. 
Minimal r wave in V^/V^. QRS clockwise rotation. Symmetric 
negative T waves in V^/V^. Striking high positive R wave in lead 
V,. 

The first interpretation was of an artifact. But what artifact? 
A control revealed that lead had been displaced erroneous- 
ly at the fourth intercostal space 1.5 cm to the left and about 
1 cm too high. On placing lead correctly, the ECG was near- 
ly the same as one registered 1 year previously (ECG 32.5b). In 
conclusion and explanation: a modest displacement of lead 
provoked a bizarre alteration of the QRS vector. This is a beau- 
tiful example of the magnifying glass effect of a precordial lead. 
In a precordial surface area restricted to 2-3 cm^ the QRS com- 
plex is completely dominated by the vector of the extremely 
thickened intraventricular septum, oriented anteriorly. 
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ECG 32.5a 




ECG 32.5b 
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ECG32.6 



ECG 32.6 

Strange R Wave in Lead V| in a Patient 
without Right Ventricular Hypertrophy or 
Posterior Infarction 

Patient 72 y/f. A i-week-old small non-Q wave infarction. Echo: 
left ventricular function slightly decreased. No right ventricu- 
lar hypertrophy. Sinus rhythm 52/min. AQRSp + 50°. Strange 
positive QRS (pure R wave) in V^. Negative T waves in to V^. 



An analysis of the precordial leads revealed a misplacement of 
the leads. Lead was placed at and leads Vj to were 
placed at to V^. Only was placed correctly. An ECG con- 
trol confirmed this opinion. 

ECG 32.7 

What is the Rhythm? 

Short Story/Case Report 2 

ECG courtesy of Armin Theler MD. One beautiful day a col- 
league and good friend of the author faxed an ECG with 
leads I, n, and III of a 72-year-otd patient (ECG 32.7a). It was 
accompanied by a question: does this patient need a pace- 
maker? 

At a first glance the ECG diagnosis is quite clear: sinus 
rhythm, rate about 63/min. AV block 2° with 4 : 1 block and 
aberrant ventricular conduction = probably RBBB 4 - LAFB 
(left anterieor fascicular block). PQ interval of the conduct- 
ed beats 560 msec. Ventricular rate only 16/min! However, 
some details are contradictory: the p waves are not of sinusal 
origin (negative in lead I). Conclusion: Ectopic atrial 
rhythm? False poling of limb leads? The p wave is missed at 
the end of the T wave and the p-p interval between the 
p wave before QRS, and the first p wave after QRS is less than 
twice the general p-p interval Conclusion: premature 
p wave hidden within the T wave, due to atrial PE or to ven- 
triculophasic 'sinus* arrhythmia? But does ventriculophasic 
arrhythmia exist in 'ectopic atrial rhythm’? 

The author was quite troubled and phoned his friend to 
tell him the interpretation. The friend laughed and asked 
again ‘Does this patient need a pacemaker?* 

The reply was T think so - at a rate of 16/min!* 

To which the friend responded: T have learned from you 
that one should never interpret an ECG without knowing the 
clinical situation! Why did you not ask “How is the patient?” 
To be honest, the patient has absolutely no limitations in his 
daily work!* 

And he faxed the precordial leads (leads to are 
shown in ECG 32.7b) that resolved the enigma! The‘p waves’ 
are unmasked as normally conducted beats, and the ‘con- 
ducted beats with aberration* are unmasked as ventricular 
premature beats. The real p waves are scarcely visible 
(arrow); there is AV block with a shorter PQ interval after 
theVPB. 
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ECG 32.7a 




In conclusion: misdiagnosis was due to a very rare pro- 
jection on the limb leads resulting in mini QRS complexes 
(and due to a false conclusion by the temporarily absent- 
minded author!). 
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ECO 32.8 



ECG32.9 



ECG 32.8 ECG 32.9 

After Left Pneumectomy After Right Pneumectomy 



Patient 77 y/m. Left pneumectomy 2 years previously because 
of lung carcinoma. Sinus rhythm 107/min. AQRSp about + 70°. 
Strikingly uniform positive QRS complexes in all precordial 
leads. Negative T waves in I, II, aVF, and III. Biphasic T waves in 
V3 to V5. Anatomically, the heart was displaced to the left. 



Patient 81 y/m. Right pneumectomy 6 years previously because 
of lung cancer. Sinus rhythm 82/min. Left atrial enlargement (p 
160 msec). AQRSp - 130°. rS configuration in all precordial 
leads, with decreasing r waves from to (similar to situs 
inversus). ST/T alterations. Anatomically the heart was dis- 
placed to the right. As mentioned in Chapter 14 (Differential 
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ECG 32.10 
Pneumothorax 




Patient 20 y/m. Admission to the emergency station because of 
dyspnoea and thoracic pain that varied during respiration. 
Striking ST elevations in leads and ( V^/V^ to V^) arising 

from the S wave. T wave with notches in V^/V^. Note also the 
minimal ST elevation in I and II and aVF combined with min- 
imal PQ depression (frontal ST vector typical for pericarditis). 
Auscultation revealed a pericardial murmur. In the thoracic X- 
rays there was an extensive pneumothorax on the left side. 
Similar/identical ST alterations are described in pneumotho- 
rax without pericarditis. 



ECG 32.10 



Diagnosis of Pathologic Q Waves) the ECG after pneumectomy 
may reveal formally pathologic Q waves, thus suggesting 
myocardial infarction. 
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ECG 32.11 




ECG 32.11 
Electrical Atternans 

ECG courtesy of Felix Frey MD. Patient 63 y/m. Terminal renal fail- 
ure, patient under (insufficient) hemodialysis. Serum potassium 
9.2 mmol/ 1 . The ECG (leads I/lI/lll) shows sinus rhythm (without 
visible p waves) (see Chapter 16 Electrolyte Imbalances and 
Disturbances), rate 107/min. Bizarre prolongation of QRS duration 
(QRS about 230 msec) with LBBB pattern. Depolarization not 
clearly distinguishable from repolarization. Alternation of the 
repolarization wave, best seen in lead II (arrows). 

After 10 mg calcium gluconate intravenously the ECG nor- 
malized within a few minutes and potassium reached normal 
levels after dialysis. 

Electric alternans is occasionally observed in cardiac tam- 
ponade. In these cases the whole cardiac cycle is involved in gen- 
eral. However, the echocardiogram - instantaneously performed 
in this patient - revealed only a small pericardial effusion. 

Overall, electrical alternans is not very rare [13] and is espe- 
cially observed in AV and intraventricular conduction (for 
example alternating bundle-branch block). AV nodal alternans 
is due to dual pathway, concealed conduction, and other rare 



reasons. Normal conduction alternating with bundle-branch 
block is based on conduction during the supernormal period 
of recovery. Alternation can also affect impulse formation or 
repolarization, inducing alternating ST segments [14], T waves 
(as shown in our example) [15], or even U waves. Alternating ST 
segments are seen in severe acute myocardial ischemia. 

ECG 32.12 

Common and Rare False Poling of the Limb 
Leads (Lead Displacement) in Frontai QRS 
Left Axis and in Frontai QRS Vertical Axis 

False poling (lead displacement) of the limb leads occurs in 
about 1-2% of routine ECGs. Depending on the kind of dis- 
placement, the polarity of the whole electric cycle (p wave, 
QRS, and T wave) is influenced in a modest manner or a 
bizarre manner. If overlooked false poling may lead to false 
conclusions. In some false poling conditions a ‘pathologic’ Q 
wave may suggest an old myocardial infarction. The precordial 
leads do not confirm the diagnosis in these cases, however. 
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ECG32.12a*l ECG32.12a-2 



ECG32,12a-3 ECG32.12a-4 



ECG 32.1 2a-S 



ECG32.12a-6 ECG 32.12a-7 



ECG 32.12a 

False Poling of Limb Leads in Frontal Left 

QRS Axis 

Part 1 Correct poling 

Part 2 Right arm ‘left arm’, Left arm ^ ‘right arm’ 

‘I’=inversed I, ‘aVR’=aVL, ‘aVL’=aVR, 

'aVF=aVF 

Part 3 Left arm ^‘left leg’, Left leg ^ ‘left arm’ 

‘l’=lI,‘II’=I,‘lII’=inversed III, ‘flyR’=flV^R,‘aVL’=aVF, 
‘aVF’=aVL 



Part 4 Right arm ‘left leg’. Left leg — > ‘right arm’ 

‘I’=inversed III, ‘II’=inversed II, ‘IH’=inversed I, 
‘aVR’=aVF, ‘flyi’=flVL,‘aVF’=aVR 
Part 5 First clockwise rotation 

Right arm ‘left arm’. Left arm ^ ‘left leg’. 

Left leg ‘right arm’ 

‘I’=III, ‘II’=inversed I, ‘Ill’^inversed II, ‘aVR’=aVL, 
‘aVL’=aVF,‘aVF’=aVR 
Part 6 Second clockwise rotation 

Right arm ^ ‘left leg’. Left arm right arm’. 

Left leg — > ‘left arm’ 
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Part 7 





ECG 32.1 2b^l 



ECG 32.1 2 b-2 



ECG32.12b-3 



ECG 32.1 2b4 



ECG 32.1 2b-S ECG32.12b-6 



ECG 32.1 2 b*7 



‘r=inversed II, ‘ir=inversed III, ‘111=1, ‘aVR’=aVF, 

‘aVL’=aVR,‘aVF’=aVL 

Exchange of the leg leads 

Left leg ‘right leg’. Right leg ^ ‘left leg’ 

‘I’=I, ‘II’=II, ‘III’=III, ‘aVR’=aVR, ‘aVL’=aVL, 
‘aVF’=aVF 



ECG 32.12b 

False Poling of Limb Leads in Vertical QR5 
Axis 

Part 1 Correct poling 

Part 2 Right arm ‘left arm’. Left arm ^ ‘right arm’ 

‘I’=inversed I, ‘II’=III, ‘III’=II, ‘aVR’=aVL, ‘aVL’=aVR, 
‘aVF=aVF 
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ECG 32.13 



Left leg ‘left arm’ 

‘I’=inversed II, ‘II’=inversed III, ‘III’=I, ‘aVR’=aVF, 
‘aVL’=aVR,‘aVF’=aVL 
Part 7 Exchange of the leg leads 

Left leg ‘right leg’. Right leg ‘left leg’ 

‘I’=I, ‘II’=II, ‘III’=III, ‘aVR’=aVR, ‘aVL’=aVL, 
‘aVF’=aVF 



The reader may note that the most common false poling, from 
exchange of the upper limb leads, results in a positive QRS 
deflection in lead ‘aVR’ (‘aVR’=aVL) in the presence of a 
frontal left QRS axis. However, in the presence of a frontal ver- 
tical QRS axis, the QRS deflection remains negative. In both 
conditions lead ‘I’ leads to the detection of false poling, show- 
ing the mirror image of the original electric cycle. 

ECG 32.13 
Situs nversus 

Patient 40 y/m. The anomaly was detected at the age of 20, dur- 
ing a routine control. The patient never had cardiac symptoms. 
There is typical inversion of p waves and QRS complexes (sim- 
ilar or identical to false poling of the upper limb leads). rS com- 
plex in all precordial leads with decreasing r amplitude from 
to V5 (a finding not seen in limb lead displacement). ST/T 
alterations. Exchange of the upper limb leads and placing of 
the precordial leads over the right hemithorax normalizes the 
ECG. 



Part 3 Left arm ^‘left leg’. Left leg ‘left arm’ 

‘r=II,‘ir=I,‘Iir=inversed III, ‘«yR’=flyR,‘aVL’=aVF, 
‘aVF’=aVL 

Part 4 Right arm ‘left leg’. Left leg ^ ‘right arm’ 

‘I’=inversed III, ‘H’=inversed II, ‘Iir=inversed I, 
‘aVR’=aVF, ^aVL=aVL/^VF=aVR 
Part 5 First clockwise rotation 

Right arm ‘left arm’. Left arm ^ ‘left leg’. 

Left leg ^ ‘right arm’ 

‘I’=III, ‘Il’^inversed I, ‘IIl’=inversed II, ‘aVR’=aVL, 
‘aVL’=aVF,‘aVF’=aVR 
Part 6 Second clockwise rotation 

Right arm ^ ‘left leg’. Left arm ^ right arm’. 
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i2.14 

Epiteptk Attack of the ECG iViachiL.e 

The clinical status of the patient does not matter when the evi- 
dently sick ECG machine suffers from ‘convulsions’ of unclear 
origin, combined with artifacts caused by alternating current 
(AC). 

h" u ^2,. i 

Parasys'cole 

Patient 66 y/m. Coronary heart disease, coronary artery bypass 
grafting 3 years previously. Left ventricular ejection fraction 
40%, mild heart failure. A second (ventricular) rhythm at a rate 
of 45-47/min (arrows) interferes with sinus rhythm (rate 
53-59/min). Ventricular impulses falling into the refractory 
period of the sinus beats are not conducted (arrows), and vice 
versa (not shown). 

Parasystole occurs very rarely as tachycardia of a modest 
rate (up to 140/min), or more commonly at a rate of 



50-90/min. Short episodes are often misinterpreted as VPBs 
with different coupling intervals. Parasystole is characterized 
by a regular interectopic interval, a variable interval of the 
parasystolic beats to the beats of basic rhythm, and fusion 
beats. Intermittent failure of parasystolic beats to manifest is 
due to exit block (type 1 or 2) and may make the diagnosis dif- 
ficult. 

Parasystole is generally associated with heart disease of any 
origin but is occasionally encountered also in healthy people 
[i6]. For special practical diagnostic criteria see Ren et al [17], 
for irregular parasystole see Ren et al [17] and Kinoshita et al 
[18], for numerology see Castellanos et al [19], for association 
with VT see Singh [20], for a mathematical model see Itoh et al 
[21] and Castellanos et al [22], and for triple parasystole see 
Oreto et al [23]. 

Principally a parasystolic ‘focus’ may arise in any heart 
structure with electric properties, even in the sinus node. 
Supraventricular parasystole is only of theoretic interest, how- 
ever [24,25]. 




ECG 32.15 
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ECG 32.16 

Left Pleural Effusion 

Patient 57 y/f. Pleuropneumonia. On the basis of the ECG alone, 
the cardiologist predicted a large left-sided pleural effusion - 
his colleagues in internal medicine were very impressed by this 
correct diagnosis. Sinus rhythm 105/min. The ECG is within 
normal limits, except leads V^/V^, where the amplitude of QRS 
and repolarization (damped by the left-sided pleural effusion) 
is very small. 



Of course the cardiologist did not tell his colleagues that he 
would never be able to diagnose a right-sided pleural effusion 
from the ECG! 

ECG 32.17 

So-Called Postsyncopal Bradycardic* 
Syndrome 

Patient 78 y/f. Hypertension with probable coronary heart dis- 
ease. (Therapy with enalapril 5 mg, torasemide 5 mg, isosor- 
bide dinitrate 80 mg, atenolol 25 mg, verapamil 80 mg, levothy- 
roxin 0.05 mg (hypothyreosis)). The patient was admitted to 
the hospital because of the abnormal ECG, combined with mild 
vertigo. 

Sinus rhythm? Ectopic atrial rhythm (p positive in aVR)? 
Rate 61/min. AV block 1°. AQRSp -h 75°. Gigantically prolonged 
negative T waves in I, II, aVF, and to V^. QT interval 
o.76sec(I). Other findings: no recent syncope; blood pressure 
95/70 mmHg; neurologic status normal. Laboratory findings 
were normal, including potassium. 

By reduction of antihypertensive medication, blood pressure 
rose to 130/80 mmHg and the ECG normalized within 48 hours. 
A Holter ECG was normal. The further outcome was good. 

The so-called postsyncopal bradycardia syndrome (an ‘ECG 
syndrome’) is a very rare ECG finding (the author has observed 
it about 30 times in 35 years). The bizarre ST/T alterations are 
generally associated with sinus bradycardia or with AV or ven- 
tricular escape rhythm in complete AV block. In about a third 
of the cases the ECG abnormality was preceded by a recent 
Morgagni-Adams-Stokes attack (see also Chapter 17 
Alterations of Repolarization), in three cases after a cerebral 
insult. Potassium and other electrolyte levels were generally 
normal. The ‘syndrome’ is probably associated with cerebral 
alterations in most cases, but in some patients the etiology 
remains unclear. In any case, it is convenient to control the 
rhythm with repeated ambulatory ECGs to find out if asystole 
occurs during sleep. In our patient a bradycardiac arrhythmia 
or an excessive fall of blood pressure during sleep - caused by 
antihypertensive ‘over- therapy’ - could not be excluded (retro- 
spectively). 
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ECG 32.17 



577 



Overall View 




ECG 32.18 
'“iying Heart' 



Patient 50 y/m. Suicidal lethal intoxication with four different 
anti-depressant drugs. 

ECG (paper speed 50 mm/sec): no distinct atrial activity. AV 
escape beats with polymorphous ventricular premature beats 
followed by ventricular standstill (not shown). 

Several times we have seen dying patients (without drug 
intoxication) in whom, after episodes of similar arrhythmias 
and complete heart standstill, a normal sinus rhythm (with 
normal p waves, normal QRS, and near normal repolarization) 
suddenly arises for about 20 seconds, 5-10 minutes after the 
patient’s last breath and an arrest of circulation. 

The ECGs of dying patients are uncommon because they 
are rarely registered. 



ECG 32.1 S 
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ECG 32.1 &b 



ECG 32,19 

Two p Waves: Highly Specific for a 
Transplanted Heart 

ECG 32.19a (patient 62 y/f) was registered 1 week after heart 
transplantation because of dilating cardiomyopathy. Besides 
flat T waves in some leads the ECG shows one abnormality: two 
p waves (best seen in lead II). The normal p wave (T ) corre- 
sponds to normal atrial activation by the new sinus node of the 
transplanted (new) heart and is responsible for ventricular 
activation: sinus rhythm, rate 83/min. The other p wave (i) is 
due to activation of the remaining small portion of old right 
atrium by the old sinus node (rate about 55/min). 

Of course this phenomenon is only seen in patients where a 
special surgical technique is used: a small portion of the old 



right atrium, the old sinus node included, is left in place. The 
rhythm of the old sinus node is often irregular and often slow- 
er than the rhythm of the new sinus node (that activates the 
whole heart). This ‘residual’ p wave gets smaller from day to 
day and generally disappears after some weeks. 

ECG 32.19b (patient 19 y/m) was registered 5 days after 
heart transplantation because of complex congenital heart dis- 
ease associated with Ivemark syndrome (see also Short 
Story/Case Report 1 in Chapter 16 Electrolyte Imbalances and 
Disturbances). This ECG looks the same as ECG 32.19a because 
two p waves are visible. The p wave of the new sinus node acti- 
vates the whole heart (rate 114/min (T)), and the old p wave 
activates only a small right atrial portion of the old heart (rate 
129/min (i)). 
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ECG 32.20 

Pseudo-p Waves in Precordial Leads V3/V4 

Patient 78 y/f. Hypothyreosis treated with levothyroxin. At a 
first glance T alterations in leads and imitate p waves {i) 
and the pattern of 2 : 1 AV block. However, p waves are missed 
in the other leads. The ‘pseudo-p’ waves are due to an alteration 
of the T wave. From our experience those T wave alterations 
have no special significance. However, similar patterns are 
occasionally seen in patients with hypothyreosis (as in our 
patient) and under medication with amiodarone. 



ECG 32.20 
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ECG 32.21 

'Double Ventricular Repolarization' 

ECG courtesy of Beat Meyer MD. Patient 72 y/f. Coronary 
heart disease without infarction. This phenomenon has 
been seen by the author only twice in 35 years. We hope that 
some clever electrophysiologist has a sophisticated expla- 
nation. For us it is a rare artifact that begins during the first 
T wave where the upstroke is unphysiologically steep. By 
some unclear mechanism the ECG machine fails to detect 
the next p and QRS (at the same time decreasing the regis- 
tration speed). 

ECG 32.22 

T Wave without QRS Complex 

The ‘opposite’ of double repolarization, namely a repolariza- 
tion wave without a depolarization (T wave without QRS com- 
plex) is more often seen preferentially in Holter ECG stripes. 
The ECG machine fails to detect the QRS complex, but detects 
the following repolarization, without troubling the regular 
rhythm. This pattern always corresponds to an artifact that is 
generally confirmed by a preceding p wave. 



ECG 32.21 




ECG 32.22 
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ECG 32.23 

Double Ventricular Response to a Single 
Atrial Impulse. Another Artifact? 

ECG courtesy of Marc Zimmermann MD. Patient 59 y/f. 
Supraventricular tachycardias (SVT) with palpitations. 
ECG 32.23a shows SVT, with a sinus rate of 63/min, and a ven- 
tricular rate of 126/min. This exciting ECG is not an artifact. On 
one hand, the sinus impulse travels along the fast AV nodal 
pathway and activates the ventricles. On the other, the sinus 
impulse is simultaneously conducted over a very slow AV nodal 
pathway and then depolarizes the ventricles for a second time. 
In Electrophysiology Studies (EPS) the phenomenon was 
proven (ECG 32.23b). Moreover, a complex supraventricular 
tachycardia was detected, probably based on three different 
nodal pathways [26]. 




ECG 32.23a 



ECG 32.23b 
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ECG 32.24 
Another Rare ECG 

Short Story/Case Report 3 

ECG courtesy of Andres Jaussi MD. In 1992 a dear friend sent 
this strange ECG with no details about the age and disease of 
the patient. The following assessment was made. 

ECG: sinus bradycardia, rate 42/m in. Left atrial enlarge- 
ment. AV block i“. AqRSp - 40®. QRS duration 120 msec. 



Strange QRS configuration in precordial leads, with single 
R waves in Vj/V^ and rS complexes in to V^. Even stranger 

was repolarization with biphasic negative/positive T waves 
in leads II, aVF, III, and to (note the very unusual and 
impossible sharp T deflections). 

The author gave the following interpretation *A very 
strange ECG - never seen before. CHD with posterolateral 
infarction? Also - hypothyreosis or am io da rone?’ 

The friend laughed *Your first impression is correct. It is 
a normal ECG - of my horsed 
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- electrophysiologic mechanisms 348 

- etiology 349 

- lone 349 

- mimicking atrial fibrillation 347 

- new nomenclature 348, 349 

- nomenclature 348 

- pathophysiology 350 

- rapid pacing 350 

- reverse typical 348 

- saw-tooth 347, 349 

- short-lasting 349 

- therapy 350 

- thromboembolic events 349 

- type II with 1 : 1 conduction 454 

- uncommon type (type 2) 347 

- with AV block 2° 347 

- with 1 : 1 AV conduction 347, 350, 365, 413, 486 

- with 2 : 1 AV block 452 
atrial flutter- fibrillation 349 
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- pathophysiology 148 
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- pathophysiology 148 
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Barlow’s disease 527 
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battery depletion 506, 509 
battery voltage 509 
Bayes theorem 173 
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see below 106, 117, 131, 150, 151, 153, 154, 173 
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- etiology 132 
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block 133 

- prognosis 132, 134 
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blood group (B-0 mismatch) 301 
blood pressure measurements 483 
blood pressure, dynamic behavior 479 
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Borg scale 481 

Bornholm disease 24 

bradycardia-tachycardia syndrome 379 

bradycardic atrial fibrillation 510 

breakthrough phenomenon of the electric impulse 436 

Bruce protocol 481 

Brugada sign or syndrome 173, 286, 323, 451, 541, 563 
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- etiology 118 
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- prevalence 118 

- rate-dependent 122 

- reversible 122 
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38h395>506, 535, 536 
cardiac index 450 
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cardiac memory 411, 542 
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381,395,506, 535, 536 
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cerebral diseases 325 
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cerebral hemorrhage 176, 182 
cerebral stroke 364, 368 
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Chapman sign 180 
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children 78 
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lung disease 47, 78, 339 
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chronic pulmonary embolism 76, 78, 525 
circadian variation 26 
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classical’ non-Q-wave infarction 181 

clinical evolution, control 97 

clinical significance of AF 367 
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clomipramine 542 

clotting abnormalities 488 
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- abuse 167 
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- development 152 

- etiology 153 

- infra-His 146 
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complete right bundle-branch block 77, 79 
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complications of acute MI 186 
computer diagnosis 19 
concealed accessory pathway 406, 410, 411 
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concept of the book 2 
conduction disturbances 96, and elsewhere 
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- complex 527, 579 

- surgical correction 525 
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connection of the electrode 509 
connective tissue disease 167 
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Cornell index 54, 55 
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- anatomy 172 
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coronary artery bypass grafting (CABG) 174, 176, 437 
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coronary embolism 176 

coronary heart disease 117, and elsewhere 
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heart failure 367, 437, 510, 511, 536 

- exercise training 488 

- in incessant atrial tachycardia 338 

- pacing 511 

- tachycardia-induced 349 
heart massage 395 

heart operation 380 
heart palpitation 267 
heart percussion 268 
heart rate turbulence 437 
heart rhythm 96 

heart transplantation 133, 176, 301, 563, 579 

- p waves 579 
heart tumor 176 
heart-rate variability 449 
helical CT 98, 525 
hematoma 175 

hemiblocks see fascicular blocks 
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hemochromatosis 381 
hemodialysis 299 
heparin 302 

hereditary hypertrophic cardiomyopathy 563 
heredofamilial neuromyopathic disorders 268 
hibernating myocardium 171, 182, 185, 326 
His bundle 3 

- derivations 153, 154 

- potential 153 

His-ventricle (HV), prolonged 134 
HOCM 173 

- pacemaker 510 

Holter ECG = ambulatory EGG 154, 380-382, 435, 544, 576 

homocystinuria 176 

honeybee stings 176 

horse, last ECG of the book 583 

hospitalization for heart failure 512 

HV interval 154 

hypercalcemia 286, 299, 303 

- arrhythmias 303 

- etiology ^ Appendix chapter 16 307 

- with left bundle-branch block 303 
hypercholesterinemia 182 
hyperglycemia 302 

hyperkalemia (hyperpotassemia) 133, 286, 299, 300, 453 

- arrhythmias 301 

- broad QRS complex 299, 301, 302 

- bundle-branch-block-like pattern 300 

- clinical findings 301 

- etiology 302 

- etiology ^ Appendix chapter 16 305, 306 

- pathophysiology 303 

- prevalence 301 

- tented T waves 299, 301 

- therapy 300,302 

hyperkalemia plus hypocalcemia 300, 303 
hypermagnesemia 303 
hypersensitive carotid sinus syndrome 382 
hyperthyreosis = hyperthyroidism 363, 364 
hyperthyroidism = hyperthyreosis 363, 364 
hypertrophic cardiomyopathy 325 

- severe 563 

hypertrophic obstructive cardiomyopathy (HOCM) 58, 172, 
286,510,527 

hypertrophic right ventricular myocardium 269 
hyperventilation 324 
hypoaldosteronism 302 



hypocalcemia 300, 325 

- etiology Appendix chapter 16 307 
hypocalcemia plus hyperkalemia 300, 303 
hypokalemia (hypopotassemia) 299, 302, 325, 449, 535, 536 

- etiology — > Appendix chapter 16 305, 306 

- pathophysiology 303 

- therapy 300 
hypomagnesemia 303, 535 
hypothermia 24, 286 543 
hypothyreosis = hypothyroidism 60, 535, 580 
hypothyroidism = hypothyreosis 60, 535, 580 

I 

ibutilide 367, 415 

idiopathic dilated cardiomyopathy 437 

immediate precursor of complete AV block 134 

impaired LV function 437 

implantable cardioverter defibrillator (ICD) 454 

implantable loop recorder (ILR) 382 

incessant atrial tachycardia 337 

incision of the right ventricle 525 

incomplete infra-His block 154 

incomplete right bundle-branch block 77, 79 

incomplete supra-His block 154 

incomplete trifascicular block 134, 153, 510 

inconstant electrode-skin contact 455 

increase in costs 367 

increased automaticity 535 

increased phase 4 depolarization 536 

increased vagal tone 411 

indications for pacemaker implantation 

- in bilateral bundle-branch block 134 

- in sick sinus syndrome 134 
indications for pacing 510 
infections 363 

infra-His = infrahisarian = infrahissian 105, 151, 152, 154 

- AV block 153 
infrahisarian see infra-His 
inhomogeneity of repolarization 544 
insulin and glucose 536 

insulin resistance 488 
intake of diuretic drugs 302 
interatrial dissociation in AF 366 
intermediate state between iRBBB and RBBB 76 
intermittent 2 : 1 AV block 485 
interruption of exercise ECG 482 
intra-atrial conduction block 45 
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intra-atrial conduction delay 411 

intra-atrial conduction disturbances, age-related 350 

intra-atrial electrode 455 

intra-atrial leads 450 

intra-His block 153 

intravenous beta-blockers 415 

intravenous digoxin 415 

intravenous drug therapy 395 

intraventricular conduction disturbances 173 

intraventricular conduction system 117 

intraventricular systolic gradient 510 

intrinsic sympathicomimetic action (ISA) 383 

intrinsicoid 60 

invasive cardiologic equipment 178 

invasive cardiology 183 

invasive electrophysiology 365 

inversion of q waves in the precordial leads 267 

inversion of the great arteries 267 

ipecacuanha 536 

ischemia 323, 479 

- after coronary revascularization 479 

- subendocardial 11 

- subepicardial 11 

- without infarction 324 
ischemic response 483 
Ivemark syndrome 301, 579 

j 

J wave 543 
James fibre 414 

Jervell and Lange-Nielsen syndrome 325, 446, 449 
jogging 368 

K 

Kafka’s index 54 

Katz Wachtel sign 90, 526, 543 

Katz Wachtel variant index (R -1- S > 40 mm in lead or V^) 
543 

key lead for RVH 75 
Klein’s index 54 
kyphoscoliosis 78 

L 

laboratory sick sinus syndrome 382 
LAFB 

- etiology 106 

- prognosis 109 



- variants 108 

- vectors 107 
LAFB + RBBB 154 
LAFB-hLPFB 111 

late afterdepolarization 449 

late ischemia 484, 485 

late resolution of thrombotic material 175 

latent pre-excitation 410, 411 

LBBB see left bundle-branch block 

lead displacements 570 

lead misplacement = false poling 48, 565 

lead systems 7 

leads V^R to V^R 178 

leads V^, Vg and 169 

leaving the bathtub 507 

left anterior descending artery (LAD) of the LCA 172 
left anterior fascicular block (LAFB) 57, 105, 173 

- QRS vector in horizontal plane 57 
left atrial beat 329 

left atrial enlargement 45, 46, 527 

- clinical significance 46 

- etiology 46 

- prevalence 46 

left atrial macro-reentrant tachycardia 348 
left atrial tachycardia 339 

left bundle-branch block (LBBB) 57, 117, 153, 172, 173, 266 

- aberration 365 

- complete 118, 121 

- frontal QRS axis 122 

- incomplete (iLBBB) 118, 122 

- left ventricular hypertrophy 122 

- myocardial infarction 122 

- versus RBBB, difference of QRS and QT duration 123 

- vectors 121 

- with infra-His AV block 1° (and 2°) 134 

left bundle-branch block (LBBB) -like pattern 562 
left pleural effusion 576 
left pneumectomy 78,568 
left pneumothorax 78 

left posterior fascicular block (LPFB) 78, 105, 173 

left posterior thoracotomy 562 

left septal fascicular blocks 111 

left ventricular diastolic overload 526, 527 

left ventricular dissecting method 53 

left ventricular dysfunction, reversible 326 

left ventricular hypertrophy (LVH) 53, 266, 437 

- asymmetric 59 
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- diagnosis in intraventricular conduction disturbances 54 

- diagnosis in LAFB 57 

- diagnosis in LBBB 57 

- diagnosis in RBBB 56 

- diagnosis in ventricular conduction disturbances 55 

- etiology 54 

- indices 53 

- pathophysiology 60 

- prevalence 54 

- prognosis 60 

- validation of the QRS voltage criteria 55 

- with LV dilatation 59 

left ventricular overload 323, 325 
left ventricular pacing 505 
left-to-right shunt 525, 526 
Lenegre disease 117, 118, 133 
length of the reentry circuit 448 
Lepeschkin’s sign 484 

lesion makro-reentrant tachycardia (incisional flutter) 348 
lesion, subendocardial 11 
lesion, transmural 11 

Lev disease = sclerosis and calcification of the left heart 
skeleton 133 

levogram, ventricular 7, 55, 76, 117 

lidocaine 448, 454, 483, 536 

life assurance 266 

life quality 488 

limb ischemia 302 

limitations for exercise ECG 480 

limitations of the ECG 184 

limitations of the pattern ECG 1 

localization of accessory pathways 409 

- algorithms 409 

localization of Q-wave infarction 169 

lone atrial fibrillation 363, 364 

lone atrial flutter 349 

long QT syndrome 510, 563 

long rhythm strips 455 

loss of capture 506, 507 

lower loop flutter 348 

Lown-Ganong-Levine syndrome 414 

LPFB 

- etiology 106 

- masking an old inferior MI 173 

- prognosis 110 

- special remarks 109 

- vectors 109 



LPFB + RBBB 154 
lupus erythematodes 176 
LV dilatation 59 

LV ejection fraction 437, 489, and elsewhere 
LV overload 324 

M 

M configuration of QRS in leads III and aVF 527 

macro reentry 406, 448 

magnesium 302 

magnet rate 509 

magnifying glass effect 7, 564 

Mahaim fibre 411, 413, 414 

Mahaim tachycardias 413 

main left coronary artery (LCA) 172 

makro-reentry circuit movement in the right atrium 350 

malabsorption 536 

marker of myocardial ischemia 446 

masking of flutter waves 347 

maximal pre- excitation 409 

maximum heart rate 481 

maximum volume of oxygen utilization 481 

maze procedure 367 

McGee index 543 

McGinn White Pattern (Sj/Q^j Type) 543 
measurements 14 
mechanical manoeuvres 447, 455 
mechanoenergetic uncoupling 511 
MET (metabolic equivalents) 480 

- watts equivalent 481 
metabolic acidosis 302 

metastatic involvement of the sinus node 381 

Mexican school of electrocardiography 121 

micro reentry 448 

military service 266 

mimicking infarction 266 

mirror image 119, 169, 265-267, 323 

- of LV overload 173, 323 
misdiagnoses of wide QRS tachycardias 454 

- misdiagnosed as SVTab 454 
misdiagnosis 566 

- of multifocal atrial tachycardia 339 
misplacement of lead V^ and V^ 46 
mitral annulus 410 

mitral incompetence 528 

mitral stenosis 45, 46, 75, 76, 269, 364, 527 

mitral valve prolapse (Barlow’s disease) 527 
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Mobitz behavior 151 

Mobitz block, pseudo = Pseudo-Mobitz block 150 

monomorphic (idiopathic) ventricular tachycardia (VT) 449 

monomorphic ventricular tachycardia 186, 445, 448, 449 

monomorphic VPBs 435 

mononucleosis 395 

monophasic ST deformation 185 

Morbus Lenegre 147, 153 

Morgagni-Adams-Stokes attack (MAS attack) 146, 152, 576 
moricizine 437 

morphologic analysis of components of the ECG 14 
MOST study 511 
mountain climbing 393 

multifocal atrial rhythm = chaotic atrial rhythm 339, 366, 561 
multifocal atrial rhythm/tachycardia in children 366 
multifocal atrial tachycardia 562 
multifocal ectopic atrial tachycardia (chaotic atrial 
mechanism) 337, 339 
multiple APs 409 

mural thrombus in LV aneurysm 176 
muscular dystrophy 381 
musculodystrophia Steinert 268 
Mustard operation 79, 348, 381 
myectomy 510 
myocardial bridging 175 

- in children 175 
myocardial infarction (MI) 167 

- acute stage 168 

- adjacent areas 177 

- anterolateral = extensive anterior 169, 177 

- anteroseptal and inferior 178 

- atrial 183, 184 

- atrioventricular (AV) block 171 

- classical, differential diagnosis 172 

- combination of infarction patterns 177 

- combined 177 

- complex patterns 173 

- correlation between the ECG and the stage 185 

- differential diagnosis of classical Q wave infarction 
patterns 184 

- differential diagnosis in the ECG 173 

- during pregnancy 175 

- during the first three months after delivery 175 

- estimation of size 184 

- etiology 167,175 

- evolution 176, 265 

- extensive anterior = anterolateral 169, 177 



in bilateral block 181 
in connective tissue diseases 176 
in LBBB 180 

in left anterior fascicular block 180 
in left posterior fascicular block 181 
in pacemaker patients 180 
in RBBB + LAFB 181 
in RBBB + LPFB 181 
in right bundle-branch block 178 
inferior, marked by LPFB 181 
inferior and RV infarction 178 
inferolateral 178 
inferoposterior 178 

international nomenclature = international terminology 
168, 177 

intraoperatively 176 

intraventricular conduction disturbances 173 
localization 169 

localization and localization of coronary artery occlusion 
170, 171 

new and/or small Q waves 174 
nomenclatures 176 
nomenclatures of stages 167 
nonarrhythmic complications 186 
nontransmural 181 
old (chronic) stage 168 
pathophysiology 175 
pathogenic mechanisms 175 
pattern 174 

patterns with nonsignificant Q waves (< 0.04 sec) at 
unusual localization 181 

patterns with nonsignificant Q waves (<0.04 sec) at usual 
localization 181 

patterns with RSR’ type in precordial (and limb) leads 181 

patterns with reduction of R wave 174, 181 

patterns with ST depression 181 

patterns without Q waves 174 

posterior and anteroseptal 178 

posterolateral 177 

prevalence 175 

silent 265 

special patterns 174, 181 
stages 168 
subacute stage 168 

the four different descriptions of infarction stages 177 
transmural 182 

transmural versus nontransmural 174 
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- vectors 167, 168 

- with nonsignificant Q waves at unusual localization 183 

- with nonsignificant Q waves at usual localization 182 

- with pure or predominant reduction of R wave amplitude 
183 

- with RSR’ type in precordial leads 183 

- with ST depression 182 
myocardial-bound CK (CK-MB) 173 
myocarditis 173, 324 

myoglobin 173 

myotonic muscular dystrophy 268 

N 

Nadir sign 453, 543 

naming of normal ECG waves 545 

negative p wave in I 329 

Nehb leads 7, 9 

neuroleptic agents 542 

neurovasal syncope 381 

new AV block in patients with sick sinus syndrome 511 
new standards on electrocardiogram interpretations 13 
newborn 78 

new-onset atrial fibrillation 367 
nicotine 26, 175, 176 

- abuse 78 
nomenclature 

- of infarction stages 176 

- of the ECG 9 

- of the electric heart cycle 10 

- of the QRS configuration 10 
nomogram of normal exercise capacity 482 
non-contact mapping systems 348 
nondepolarizable myocardium 185 
nonhomogeneity of repolarization 544 
non-infarction pattern 183 

non-Q infarction = non-Q-wave infarction 172, 181, 182, 185, 

324, 325 

nonsteroidal anti-inflammatory agents (NSAIDs) 302 
normal depolarization of the interventricular septum 265 
normal ECG 19 

- components 19 

normal impulse conduction 3 

normal variants 19, 172, 174, 266, 286, 324 

normal-variant arrhythmias 26 

notching of QRS = notched QRS 22, 23, 183 

number of hospitalizations 511 

NYHA classes = NYHA functional class 483, 511 



0 

obstructive lung disease = chronic obstructive pulmonary 
disease (COPD) 47, 78, 338, 339, 454, 561 
oesophageal leads 450 
old infarction with aneurysm 286 

origin of the left coronary artery from the pulmonary artery 
(Bland- White-Garland syndrome) 175 
orthodromic reentry tachycardia in the WPW syndrome 
406, 407, 412 

Osborn wave 24, 288, 543, 545 
ostial coronary artery 175 
oversensing 506, 509 
oxygen cylinder 483 
oxygen mask 483 
oxygen saturation 186 

p 

p biatriale 45 
p mitrale 45 
p on Ta 366 
p on Ta phenomenon 9 
p pseudo-pulmonale 48, 303 
p pulmonale 45, 76, 78 
p pulmonale parenchymale 47, 78 
p pulmonale vasculare 47, 78 
p pulmonale, imitation of 48 
p wave 95 

- after heart transplanted 579 

- alterations 78 

pacemaker (PM) (see also pacing) 147, 153, 152, 154, 350, 368, 
380-382, 446, 485, 542 

- ACC/ AH A Guidelines 510 

- and MI 508 

- arrhythmias 507 

- battery depletion 506, 509 

- codes 507 

- control devices 506 

- early complications 506 

- ECG 505, 508 

- electric complications and failures 506 

- electrode 505 

- electrode problems 506, 509 

- generator 505 

- generator problems 506 

- in AF 367 

- incorrect connection of electrode 509 

- indications 510 



598 



- immediate revision 506 

- implantation, indications 134 

- intermediate complications 506 

- intermittent nonfunction 506 

- late complications 506 

- malfunction 509 

- morphologic features 508 

- multicenter studies 511 

- nomenclature 507 

- oversensing 506 

- perioperative complications 512 

- prolonged atrial refractory period 508 

- prophylactic implantations 510 

- run-away 509 

- rate-responsive 505 

- specialized team 507 

- spike 505, 508 

- spikes falling into the refractory ventricular period 506 

- temporary 380, 536 

- undersensing 506 
pacemaker cell 5 

pacemaker circus movement tachycardia 508 
pacemaker syndrome 383, 509, 511 

- condition 509 

- pathophysiologic mechanism 510 

- prevalence 509 

pacemaker-mediated arrhythmia = pacemaker-related 
arrhythmias 508 

pacemaker-related arrhythmia = pacemaker-mediated 
arrhythmias 508 
pacing in heart failure 511 

pacing in hypertrophic obstructive cardiomyopathy 510 

pacing threshold 506 

PAFAC study 368 

pair of dividers 435 

pancreatitis 173, 324 

parasystole 436, 536, 575 

- triple 575 
parasystolic VT 450 
Pardee Q wave 543 
paroxysmal atrial fibrillation 330 
paroxysmal atrial tachycardia with AV block 338 
paroxysmal supraventricular tachycardia 391 
PASE study 511 

patent foramen ovale 525 
pathologic Q wave 286 

- differential diagnosis 265 



perception of yellow and green 535 
percutaneous transluminal coronary angioplasty (PTCA) 
176, and elsewhere 
periarteritis nodosa 176 
pericardectomy 268 
pericardial effusion 60, 284, 287, 288 
pericardial friction 288 
pericarditis 173, 543 

- acute 283 

- acute/subacute 285 

- acute idiopathic 284 

- acute viral 284 

- amplitude of ST elevation 285 

- arrhythmias 288 

- chronic 284, 288 

- configuration of ST elevation 285 

- constrictive 288 

- etiology 284 

- etiology (Table 15.1) 285 

- four stages 283 

- frontal ST vector 283, 285 

- idiopathic 283 

- PQ depression 283 

- prevalence 284 

- restrictive 288 

- ST elevation in horizontal leads 285 

- stage 2 323 

- stages 3 and 4 324 

- subacute/chronic 285 

- vector of ST 284 
pericarditis disease, chronic 285 
pericardium, absent 562 
peri-infarction block 183 
perimyo carditis 288 

perinodal pathway with decremental properties 394 
peripheral embolism 364 

peripheral muscular dystrophy of the type Duchenne 268 
peripheral pulse deficit 364 

permanent junctional reentry tachycardia (PJRT) 412 
phase 4 of the cardiac cycle 544 
phenytoin 536 

physiologic pacing 508, 511, 512 
physiotherapeutic manipulations 455 
PIAF study 368 
pilot of an airplane 266 
pindolol 383 

pitfalls in exercise EGG 485 
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plaque rupture 167 
pleural effusions 78 
plurifascicular conduction system 107 
pneumectomy 268 
pneumothorax 60, 173, 268, 286, 569 
polarity of the whole electric cycle 570 
polymorphic VPBs 435 

polymorphic (= polymorphous) ventricular tachycardia (VT) 
without torsade de pointes 535 
polymorphic ventricular tachycardia (VT), type torsade de 
pointes 299, 544 
polytopic VPBs 435 
posterior branch of RCA 172 
postexercise (recovery) EGG 483 
postmicturition syndrome 382 
post-pacing T-negativity 325 

postsyncopal bradycardia syndrome = Chatterjee effect 325, 
576 

post-tachycardia pause 455 
PQ depression 184, 283 
PQ elevation 184 
PQ interval 21 

- normal 21 
practical approach 13, 16 
precordial leads 9 

precursor of ventricular fibrillation 544 
precursors of complete AV block 150, 152 
precursors of infra-His complete AV block 146 
pre-excitation 173, 267 

- axis of the QRS complexes 409 

- differential diagnosis 411 

- during stress testing 416 

- full 406 

- mimicking old myocardial infarction 411 

- over a posteroseptal pathway 267 

- R/S transition 409 

- repolarization abnormalities 411 

- type A 405 

- type B 405 

- typeC 405 

- WPW pattern 406, and elsewhere in the chapter 24 
pre-excited atrial fibrillation 415 

pre-existing Bundle-Branch Block 
pregnancy 59 

premature broad QRS complex 435 
premature cardiac death 436 
premature sudden cardiac death 437 



prevention of recurrent AF 367 

prevention of thromboembolism in AF 368 

primary fibrosis of the ventricular conduction system 133 

primary hyperparathyroidism 303 

primary negative T waves 324 

Prinzmetal angina = vasospastic angina 24, 173, 175, 185, 286, 

323 

proarrhythmic effects 330, 367, 437 

procainamide (= pronestyl®) 350, 407, 408, 415, 448, 536 

programming of the AV interval 512 

progression of coronary artery disease 176 

progressive muscular dystrophy 176 

projection 266, 566 

projection of the septal vector 265 

prolongation of the AH interval 153 

prolonged His-ventricle (HV) 134, 153, 154 

prolonged or shortened QT duration 325 

propafenone 330, 367, 368, 408 

propanolol 368 

prosthetic valves 176 

proximity effect 7, 77, 78, 119, 186 

pseudo 2 : 1 AV block 151 

pseudo Brugada sign 542 

pseudo sick sinus syndrome 381 

pseudo-delta wave 406 

pseudofusion beats 505 

pseudo-left ventricular hypertrophy 268 

- in pre-excitation 406 

pseudo-Mobitz block = Mobitz block, pseudo 150 
pseudo-notching 23 

pseudo-p waves in precordial leads V^/V^ 580 

pseudo-Q wave due to retrograde atrial activation 268 

pseudo-r’ waves 392 

pseudo-regularization 363 

pseudo-s waves 392 

pseudo-VT, due to artefacts 455 

PTC A 171, 174, and elsewhere 

PTFVj 46 

pulmonary edema 60, 325 
pulmonary embolism 172, 268, 324, 364 
pulmonary embolism, acute 95 

- ECG signs and grade of acute PE 98 

- practical procedures 98 

- prevalence of ECG signs 97 
pulmonary hypertension 78 
pulmonary valve stenosis 75-77 
pulse deficit 364 
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Purkinje fibers 3 

Q 

Q wave 

- abnormal in lead 268 

- after pericardectomy 268 

- after pneumectomy 268 

- differential diagnosis 265 

- in amyloidosis of the heart 268 

- in congenital corrected transposition of the great arteries 
267 

- in hypertrophic obstructive cardiomyopathy 267 

- in left bundle-branch block 266 

- in left ventricular hypertrophy 266 

- in muscular dystrophy Steinert 268 

- in myocardial infarction 265 

- in pneumothorax 268 

- in pre-excitation 267 

- normal 265 

- normal, frontal plane 266 

- normal, horizontal plane 266 

- pathologic 265 

QaT interval (from the beginning of Q to the apex of T) 303 
Qm 173 

QR complex in lead = QR type in lead 47, 77, 78, 97, 268, 
269 

QRS alterations 95 
QRS alternans 412 
QRS clockwise rotation 528, 562 
QRS complex 21 

- bizarre 564 

- notching versus pseudo-notching 22 

- Qiiitype 22 

- QRS axis in the frontal plane (AQRSp) 21 

- QRS axis in the horizontal plane 22 

- QSvi/vjtype 22 
AQRSp in relation to age 21 

QRS counter-clockwise rotation 528 

QRS pattern in right bundle-branch block 90 

QRS right-axis deviation 78 

QRS transition zone 23 

QRS 

- high voltage in precordial leads V^/V^/V^ 453 

- negative in all precordial leads 452 

- positive in all precordial leads 453 

- strange in lead 564 
QRS vectors 



- in left bundle-branch block (LBBB) 56, 119 

- in normal activation 56 

- in right bundle-branch block (RBBB) 56, 119 

- normal 119 
QSinV^/V3 173 

QS or QR pattern in lead III 22 
QT interval 25 

- 630 msec 564 

- prolonged 300 

- short, digitalis 325 

- shortened 299, 303 

QT prolongation, excessive 325 
QT prolonged 325 
QT shortened 325 
QT(U) prolongation, bizarre 325 
QTc interval = QTc time 300, 302 
QTU interval 25 

quadrifascicular ventricular conduction system 107, 132 

quadrigeminy, ventricular 435 

quality and intensity of chest pain 479 

quality of life 383, 512, 511 

Queen of the sick sinus syndrome 380 

quinidine 347.350.367,535.536 

R 

R on P 544 

R on T phenomenon 9, 436, 544 
R wave reading 509 
RACE study 368 

radioimmunoassay for digoxin 536 

ramp protocol 482 

rapid atrial stimulation 454 

rapid tumor lysis 302 

rare, very rare ECG 583 

rate control in AF 368 

rate-dependent right bundle-branch block 347 
RBBB + LAFB 131, 133, 153 

- and AV block 3° 124 

- differential diagnosis 133 

- without AV block 1° or 2° 134 
RBBB + LAFB + LPFB 134 

- without complete AV block, differential diagnosis 133 
RBBB + LPFB 132, 134, 153 

- differential diagnosis 133 

- masking old myocardial infarction 132 
RBBB 

- frontal QRS axis 120 
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- myocardial infarction 120 

- rate-dependent 347 

- right ventricular hypertrophy 120 

RBBB vs. LBBB, difference of QRS and QT duration 123 

reanimation 562 

recovery ECG 483 

recovery of LV function 182 

reduced body weight 535 

reduced LV function 437 

reduced renal function 437 

reduced work capacity 364 

reentry circuit 391 

refractory period 9, 10, 575 

- of the AP 412 

- of the atrial muscle 536 
regression of right atrial dilatation 269 
regular irregularity 338 

regular ventricular action in AF 365 

relation between MI localization and localization of coronary 
occlussion 184 
renal failure 299, 302, 303, 535 
repetitive paroxysmal atrial tachycardia 338 
repolarization 95, 323 

repolarization in acute myocardial infarction and acute 
pericarditis 325 

repolarization of Purkinje fibers 25 
resting membrane potential 536 
retrograde atrial activation 268 
retrograde atrial activation 1:1 155 
retrograde atrial depolarization 508 
retrograde AV block 2° 445 
retrograde conduction 391 
reverse typical flutter 348 
reversible block 117 
reversible ischemia 171 
rhabdomyolysis 302 
rheumatoid arthritis 176 
rhythm disturbances 95 
right atrial catheter lead 349 
right atrial dilatation 78 
right atrial enlargement 45, 47 

- clinical significance 47 

- etiology 47 

- prevalence 47 

right bundle-branch block (RBBB) 56, 117, 173 

- aberration 365 

- complete 117, 119 



- incomplete (iRBBB) 118, 120 
right coronary artery (RCA) 172 
right fascicular blocks 111 
right pneumectomy 568 

right ventricular branches of RCA 172 
right ventricular cardiomyopathy 324 
right ventricular dysplasia = arrhythmogenic right ventricu- 
lar cardiomyopathy 324, 436, 446, 449, 451, 543, 544, 562 
right ventricular hypertrophy (RVH) 75 

- complete right bundle branch block 76 

- differential diagnosis of possible ECC signs 78 

- ECC conditions 75 

- etiology 76 

- incomplete right bundle branch block 75 

- prevalence 76 

- rare type 78 

- vetors 76 

- without RV conduction disturbance 75 
right ventricular infarction 178 

right ventricular pacing 505 
right-precordial/precordial leads to 75 
right-to-left shunt 526 

risk factors for coronary heart disease (CHD) 173, 182, 266 

Romano-Ward syndrome 325, 446, 449 

Romhilt point-score index 54, 55 

R-on-T phenomenon 9, 544 

rotation of the heart 78 

RP < PR 392, 393 

RP > PR 392-394 

RS Complex in lead 77 

run-away pacemaker 509 

rupture of the LV free wall 186 

RV and right atrial dilatation 75 

RV dilatation 78 

RV infarction 186 

RV weight 77 

s 

sagittal QRS axis 21 
salvos, definition 435 
sarcoidosis 449 
saw-tooth 347>349 
scintigraphy 484 
scleroderma 381 
screw-in electrode 508 
second ST elevation 186 
secondary negative T waves 324 
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Senning operation 348 

septal hypertrophy 58, 267 

sequential atrioventricular contractions 366 

sequential atrioventricular pacing 506 

serial ECGs 180 

serum level of digoxin 535 

severely impaired LV function 183 

Shallow s sign in 90, 545 

shifts of calcium ions 303 

shifts of electrolytes 300 

shock 176, 178, 182, 186 

short (antegrade) refractory period of the AP 407 

short QT interval in digitalised patients 325 

shortened PQ interval 405 

shortening of the AV interval 510 

short-long-short coupling intervals 449 

Sj/Qiiitype 97,543 

Sj/rSr’iji type 543 

Sj/Sii/Siii type 21, 77, 79 

Sicilian Gambit 304 

sick sinus syndrome (SSS) 149, 379, 510-512 

- acute type 381 

- AV node and bundle branches 380 

- AV node and intraventricular conduction disorders 383 

- bradycardia-tachycardia syndrome 379, 380 

- clinical significance 380 

- complications 382 

- etiology 380 

- familial 381 

- laboratory type 382 

- prevalence 380 

- sinus arrest 379 

- sinoatrial block 379 

- sinus bradycardia 379 

- symptoms 382 

- therapy 380 

silent ischemia 479, 488 
simplified QRS vectors 6, 7 
single R wave in lead Vj 77 
single ventricle 79, 525 
single-chamber pacemaker 505 
sinoatrial block 379 
sinoatrial conduction time (SACT) 382 
sinus arrhythmia 19 

- ventriculophasic 155 
sinus bradycardia 19, 379, 535 

- in athletes 381 



sinus nodal re-entry tachycardia 382 
sinus node (SN) 3 

- recovery time (SNRT) 382 
sinus rhythm 19 

- atrial vectors 20 
sinus standstill/arrest 379 
sinus tachycardia 19 
sinus tachycardia 448 

situs inversus 173, 267, 527, 573 
skeletal muscle potentials 507 
sleep apnea 510 
slow pathway alpha 391, 392 

slow spontaneous phase 4 (diastolic) depolarization 5, 448 

slurring of QRS 22, 23 

small pulmonary artery vessels 526 

smoking 454 

sodium imbalance 304 

sodium-potassium (Na'*’-K'*’) adenosine triphosphatase 
(ATPase) pump 536 
Sokolow = Sokolow-Lyon I index 53 
Sokolow-Lyon II index 53 
Sokolow-Lyon index for RVH 77 
sotalol 415, 449, 536 
spasm, coronary, exercise-induced 484 
special accessory connections 413 
special EGG waves, signs and phenomena 541 
special infarction patterns 174, 181 
special patterns in Ml 174, 181 
spike on T phenomenon 506 
spironolactone 302, 535 
spontaneous contrast in the left atrium 350 
spontaneous conversion of atrial fibrillation (AF) 366, 368 
ST depression 323, 324, 479 

- in exercise EGG, definition of significance 484 

- in leads ( V^) V^ and V^ 483 
ST elevation 24, 323 

- arising from the R (or S) wave 323 

- arising from the R wave 323 

- differential diagnosis 266, 286, 323 

- differential diagnosis acute myocardial infarction versus 
acute pericarditis 323 

- mostly arising from S wave 323 
ST segment 23 

- absent 300 

- common pattern of ST elevation: ST elevation in V^/V^ 23 

- early repolarization 24 

- in the exercise EGG 483 
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- prolonged 300 
STa vector 284 
STAF study 368 

state of body training 479 
stork-leg sign 287, 288, 545 
strange R wave 

- in lead 565 

- in lead in a patient with severe hypertrophic 
cardiomyopathy 564 

stress echocardiography 484 
stress to the left atrium 408 
stroke, cerebral 367, 382 
stroke work index 437 

subacute and chronic repetitive pulmonary embolism 97, 99 

subendocardial hemorrhage 326 

subendocardial infarction 176 

submaximum heart rate 481 

sudden death 542 

suicide 536 

supernormal period 9, 544 
supra-His 151, 152, 154 

- AV block 153 

supraventricular tachycardia with aberration (SVTab) 447, 

154 

SVTab in Wolff-Parkinson- White Syndrome 447 
SVTab with bundle-branch block 447 
swallow syncope 382 
Swan-Ganz catheter 186 
swimming 393 

switch of on-demand mode 505 
symmetric T waves 24 

sympathetic activity = sympathetic tone 366, 488 

syndrome X 173, 182, 324 

syphilis 175 

systolic overload 59, 79 

systolo diastolic murmur 175 

T 

T deflection, impossible sharp 583 
T inversion, global 325 
T negativity after exercise 484 
T negativity after pacing see Chatterjee effect 
T negativity, differential diagnosis 324 
T wave 

- artifact 581 

- asymmetric 24 

- coronary (symmetric) 266 



- negative symmetric 167 

- negative, giant 325 

- negative, primary 324 

- negative, secondary 324 

- normal 24 

- tall, differential diagnosis 301 

- without QRS complex (artifact) 581 
tachycardia-induced cardiomyopathy 349 
tachycardias associated with accessory pathway = tachy- 
cardias in the WPW syndrome 406, 413 

tachycardias in the WPW syndrome = tachycardias associated 
with accessory pathway 406, 413 
Takayasu arteritis 175 
tall R wave and RS complex in lead V^ 78 
technetium-99m sestamibi 487 
teeth brushing 447, 455 
telemetry 509 
temporary pacemaker 536 
tetralogy of Fallot 76, 269, 526 
tetraparesis 301 
theophylline 383 

therapeutic pitfalls in the WPW syndrome 408 
therapy of the WPW syndrome 408 
thoracic skeleton muscles 506 
thoracic X-ray 525 

- examination 509 
thromboembolic events 511 
thrombolysis 24, 171, 184, 446, 450 
time intervals 19 

torsade de pointes VT = VT, type torsade de pointes 302, 415, 
446 

transcoronary alcohol septal ablation 510 

transesophageal echocardiogram 350 

transient atrial fibrillation 363 

transmural injury = transmural lesion 168, 185 

transmural lesion = transmural injury 168, 185 

transposition of the great arteries 79, 527 

transseptal puncture 409 

treadmill exercise 480 

tricuspid annulus 410 

tricuspid atresia 48 

tricuspid incompetence = tricuspid regurgitation 269, 508 

trifascicular block, incomplete 134 

trifascicular ventricular conduction system 107, 132 

trigeminy, ventricular 435 

triggered activity 449 

triple parasystole 575 
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triplet, definition 435 
triplets 450 
troponin 173, 265, 287 
TU fusion 25, 299, 302 
tumors 167 

two p waves after a transplanted heart 579 
types of SVT with aberration (SVTab) 447 
typically atypical infarction patterns 183 

u 

U wave, normal 24 

- in ischemia and in aortic valve incompetence 25 
UKPACE trial 512 

underlying cardiac disease 451 
undersensing 506, 509 
unidirectional block within a circuit 448 
unilateral bifascicular block (LAFB + LPFB) 153 
unipolar pacing 505, 507, 508 
unstable angina 186 

upgrade from VVI PM to DDD PM = upgrade from VVI to 
dual-chamber pacing 511, 512 
upper rate limit 508 
upright position 173, 324 

V 

vagal activity = vagal tone 366, 380, 488 

vagal maneuvers 338, 349, 381, 393-395 

vagal reaction, abnormal 381 

vagal tone = vagal activity 366, 380, 488 

vagotonia 323 

valid exercise test 481 

validation of the exercise ECG 483 

Valsalva maneuver 288 

value of the ECG today 1 

valvular aortic incompetence 527 

valvular aortic stenosis 527 

valvular pulmonary stenosis = pulmonary valve stenosis 526 
variability of the frontal and horizontal QRS vector 60 
vasodepressor type of carotid sinus syndrome 382 
vasospastic angina = Prinzmetal angina 24, 173, 175, 185, 286, 
323 

Vaughan Williams 304, 437 

- classification 304, 437 
vector loop in LAFB 108 
vectorcardiogram 26, 180 
vectors 

- in left atrial enlargement 47 



- in MI 168 

- in right atrial enlargement 47 

- repolarization in LBBB 122 

- repolarization in RBBB 120 
venous pooling in the legs 483 

ventricular aberration = aberrant ventricular conduction 117, 
412, 436, 541 

ventricular asystole 146, 151, 152, 301 

ventricular bigeminy 535 

ventricular capture 445, 450 

ventricular depolarization and repolarization 6 

ventricular escape rhythm 152 

ventricular fascicles 150 

ventricular fibrillation 178, 186, 299, 448, 449, 485, 506, 535, 
536, 544> 562, 563 
ventricular flutter 445 
ventricular parasystole 435 
ventricular pre-excitation 408, and elsewhere 
ventricular premature beats (VPBs) 329, 435 

- definition 435 

- demasking MI 174 

- differential diagnosis 436 

- in bigeminy 535,536 

- interponated 436 

- mechanism 436 

- morphology 435 

- nomenclature 435 

- prognosis 436 

- origin 435 

- originating in the interventricular septum 436 

- therapy 437 

- Vaughan Williams classification 437 
ventricular pseudoextrasystole 541 
ventricular septal 408 

ventricular septal defect (VSD) 526 

ventricular septal perforation 186 

ventricular tachycardia (VT) 154, 186, 435, 445, 535 

- adrenergic-dependent 449 

- age 451 

- at rates up to 360/min 302 

- atrioventricular dissociation 445 

- bidirectional 450 

- characteristics 445 

- definition 445 

- differential diagnosis 446 

- double 450 

- frontal ORS axis 452 
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- idiopathic 446 

- LBBB-like QRS configuration 453 

- misdiagnosed as SVTab 454 

- monomorphic 445, 449 

- monomorphic, etiology 446 

- morphologic criteria 447 

- morphologic QRS criteria 452 

- nonsustained 445 

- onset 449 

- parasystolic 450 

- pathophysiology 448 

- polymorphic, type torsade de pointes 446 

- polymorphic, without torsade de pointes 446 

- pre-existing bundle-branch block 453 

- prevalence 451 

- previous EGG without tachycardia 452 

- prognosis 445, 446 

- QRS criteria 452 

- RBBB-like QRS configuration 453 

- reentry 448 

- regularity of rhythm 452 

- special types 450 

- sustained 445 

- therapy 447 

- triggered activity 447 

- type polymorphic without torsade de pointes 450 

- type RV outflow tract 451 

- type torsade de pointes 449 

- type torsade de pointes, etiology 446 

- types 445,449 

- underlying cardiac disease 451 

- ventricular flutter 445 
ventricular vectorcardiogram 6 

ventricular vectors in left bundle-branch block 121 
ventricular vectors in normal conduction 119 
ventricular vectors in right bundle-branch block 119 
ventriculoatrial synchrony 510 
ventriculophasic modulation of atrioventricular nodal 
conduction 155 

ventriculophasic sinus arrhythmia 155, 339 
verapamil 365, 367, 381, 395, 408, 411, 413, 415 

- in the WPW syndrome 408 
visual symptoms 535 

VPB, demasking MI 174 

VPBs see ventricular premature beats (VPBs) 



VSD see ventricular septal defect (VSD) 

VSDinAMI 186 

VT 536, see also ventricular tachycardia (VT) 

- and artifacts, differentiation 447 

- versus SVT with aberration 451 

- type torsade de pointes = torsade de pointes 446 
vulnerable period 9, 544 

vulnerable phase of atrial repolarization (p on Ta) 366 
VVI versus DDD paing 511 

w 

warming up effect = warming-up phenomenon 238, 381 
warming-up phenomenon = warming up effect 238, 381 
watts 480 

- MET equivalent 481 
Wenckebach behavior 151 
Wenckebach period 146 

- shortest 151 

Wenckebach phenomenon, superimposed 338 
what is the rhythm? 565 
wide QRS complex’ tachycardia 543 
Wolff-Parkinson-White syndrome (WPW syndrome) 405, 
408, 454, 542, 544 

- acute termination of tachycardia 414 

- atrial fibrillation 406, 407, 413 

- atrioventricular reentry tachycardias (AVRT) 412 

- etiology 408 

- familial 409 

- genetic defect on chromosome 7 409 

- nomenclature 405 

- pattern 408 

- pattern, differential diagnosis 406 

- tachyarrhythmias 411 

- tachycardias 406 

- variants of 393, 394 

- therapeutic pitfalls 408 

- therapy 408, 414 

- ventricular fibrillation and sudden death 413 
work capacity 479 

workload 482, 483 

WPW syndrome see Wolff-Parkinson-White syndrome 

X 

X, syndrome 173, 182, 324 
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A 

aberration in AF 374 

aberration in supraventricular tachycardia 401 
absent pericardium 562 

absolute ventricular arrhythmia in chaotic atrial rhythm 376 
accelerated idioventricular rhythm with one fusion beat 467 
accelerated idioventricular rhythm, rate 120/min, with AV 
dissociation 472 
acute left atrial overload 50 
acute massive pulmonary embolism 281 
adenosin conversion of atrial reentry tachycardia 342 
AF (atrial fibrillation) 

- in pre-excitation 375 

- in VVI pacing 31 

- spontaneous conversion 374, 377 

- tachycard, with pseudoregularization of ventricular 
rhythm 371 

- with coarse and fine f waves 372 

- with coarse f waves 371 

- with fine f waves 371 

- with LBBB aberration 374 

- with RBBB aberration 374 

- with regular ventricular rhythmia 376 

- with very fine f waves, and RBBB 371 

- with very small f waves 373 

- without ventricular arrhythmia 376 

- without visible f waves, in the presence of LBBB 372 
alternating RBBB 157 

aneurysm anterolateral, behavior during exercise ECG 498 
aortic valve incompetence with pattern of diastolic overload 
533 

APB (atrial premature beat) 

- AV blocked 333 

- interponated with RBBB aberration 334 

- run 335 

- with different coupling intervals 333 
apical hypertrophy 71 



AqrSf in normals 32, 33 

arrhythmias after conversion with adenosin 342 
arrhythmogenic right ventricular cardiomyopathy = 
arrhythmogenic right ventricular dysplasia 563 
arrhythmogenic right ventricular dysplasia = arrhythmogenic 
right ventricular cardiomyopathy 563 
artifact or not? 582 
artifact 

- an extraordinary one 574 

- imitating VT 477, 478 

- of T wave 581 

- rare 581 

Ashman phenomenon 547 

asymmetric (discordant) negative T waves in leads I, II (aVF, 
aVL) and to 43 
asystole during carotid sinus massage 389 
atrial bigeminy 334 

atrial fibrillation in VVI pacing (see also AF) 31 
atrial flutter at a very slow rate, due to amiodarone, and 2 : 1 
AV block 362 

atrial flutter mimicking sinus tachycardia 358 
atrial flutter or fibrillation/flutter, paroxysmal 360 
atrial flutter type 1 (‘smooth saw-tooth’), with 2 : 1 AV block 
359 

atrial flutter type 1 with 1 : 2 AV conduction = atrial flutter 
type 1 with 2 : 1 AV block 352 

atrial flutter type 1 with 2 : 1 (or 3 : 1) AV block and RBBB 351 
atrial flutter type 1 with 2 : 1 AV block 359 
atrial flutter type 1 with 2 : 1 AV block = atrial flutter type 1 
with 1 : 2 AV conduction 352, 355 
atrial flutter type 1 with AV-block 2 : 1 or 3 : 1, with 
superimposed Wenckebach 353 
atrial flutter type 2 with varying AV conduction 356 
atrial flutter with 1 : 1 conduction during exercise 355 
atrial flutter with 2 : 1 AV block 357 
atrial flutter with 2 : 1 AV block with RBBB 358 
atrial flutter with irregular AV conduction 161 
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atrial flutter without clearly detectable flutter waves with 
RBBB 354 

atrial flutter, carotis sinus massage 357 
atrial flutter, paroxysmal 360 
atrial overpacing of a VT 472 
atrial premature beat 332 
atrial premature beat 

- AV blocked 165, 388 

- AV blocked in bigeminy 166 

- run 341 

atrial reentry tachycardia, conversion with adenosine 342 
atrial rhythm, coronary sinus 332 
atrial rhythm, ectopic 332 

atrial septal defect of the ostium primum type (ASD I) 529 
atrial septal defect of the ostium secundum type (ASD II) 83, 
529 

atrial tachycardia 341 

- complex 345 

- high degree AV block 2° 539 

- left 343 

- short 333 

- with 2 : 1 AV block 343 

- with AV block 2° 333 
atrial trigeminy 334 

2:1 AV block, pseudo 143 
AV block 1° 156 

- plus RBBB 156 

AV block 2° advanced type, 2:1 158 
AV block 2° advanced type, 3 : 1 with RBBB 158 
AV block 2° during exercise EGG 502, 503 
AV block 2° in acute inferior infarction 159 
AV block 2° Mobitz 157 

- with long asystole 157 

AV block 2° type Wenckebach 156 

- atypical 160 

AV block 2° Wenckebach progressing to AV block 2° 2 : 1 159 
AV block 2° with progression to complete AV block 162 
AV block 2° 2 : 1 with RBBB and LAFB 162 
AV blocked atrial premature beat 165, 333, 388 

- in bigeminy 166 
AV dissociation 

- at rest and sinus tachycardia at exercise with 7 MET 166 

- in ventricular tachycardia 558 

- isorhythmic 160 

- with accrochage 159 
AV junctional rhythm 332 

- pseudo-Q waves 279 



AVNRT 396,397>399 

- mimicking incomplete RBBB 398 

- rare type 400 

aystole due to oversensing 520 

B 

bidirectional tachycardia 471 

- possible 538 
bifascicular block 136 
bigeminy 439 

- concealed 444 
bilateral block 136 

- in old anterior infarction 137 

- in old inferior infarction 137 

- with q waves in leads V^ to V^ 139 
bilateral bundle-branch block 136 
bilateral bundle-branch block or not? 138 
biventricular dilatation 91 
biventricular hypertrophy 91, 92 

- and right bundle-branch block 93 
borderline exercise EGG 493 
bradycardia-tachycardia variant 387 
Brugada syndrome 548, 549 

- after intravenous flecainide 548 

c 

Gabrera sign 552, 553 

capture failure of a VVI pacemaker, provoked during 
pacemaker control 519 

capture failure, chronic, in a VVI pacemaker 519 
capture failure, ventricular, in a DDD pacemaker 519 
cardiac tamponade 297 
carotid sinus massage 

- in atrial flutter 357 

- with asystole 389 

- with complete AV block 389 
chaotic atrial rhythm 343, 376, 561 
Ghatterjee phenomenon 

- after spontaneous LBBB pattern 555 

- after stopped pacing 554 
chronic pulmonary embolism 87 
clockwise rotation of QRS 33 
complete AV block 

- during carotid sinus massage 389 

- in acute inferior infarction 159 

- supra-His + LBBB aberration 164, 165 

- with a ventricular rate of 16/min 163 
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- with wide QRS 158 
complex atrial tachycardia 345 
concealed bigeminy 444 

congenital corrected transposition of the great vessels 277 
coronary spasm during exercise EGG 497 
counterclockwise rotation 34 

D 

delta wave 556 

diastolic overload 72, 73, 533 

differential diagnosis between symmetric and asymmetric T 
waves 327 
digitalis intoxication 

- and hypokalemia, with VT of the type torsade de pointes 
540 

- episodes of asystole 536 

- ST depression and bidirectional VT 538 

- with atrial tachycardia and high degree AV block 2° 539 

- with atrial tachycardia with AV block 2:1 343 
double ventricular repolarization (artifact) 581 

double ventricular response to a single atrial impulse 582 
Dressier beat 556 

d-transposition of the great arteries, operated 531 
dying heart, example 578 

E 

earliest EGG in acute MI 328 
early repolarization 40, 41, 557 

- with Osborn waves 296 
Ebstein’s anomaly 532 
electrical alternans 570 

- of the QRS complex in cardiac tamponade 297 
endless loop tachycardia in a patient with DDD pacemaker 

523 

epileptic attack of the EGG machine 574 
epsilon wave 557 

- in RV cardiomyopathy 469 
exercise EGG 

- AV block 2° advanced type 503 

- AV block of the advanced type (2 : 1 up to 4 : 1) 502 

- borderline result 493 

- false positive 496 

- in aneurysm 498 

- in pre-existing LAFB 504 

- normal 491, 492 

- positive (formally) 496 

- positive, with late ischemia 494, 495 



- pseudonormalization of the T wave 499 

- QRS clockwise rotation and behavior of Q wave 500 

- ventricular tachycardia 501 

- with late ischemia 494, 495 

- with late ischemia (formally) 496 

- with new ST elevation, reversible 497 

2 : 1 extrasystole 439 

3 : 1 extrasystole 440 

F 

Fallot’s tetralogy 83, 84, 530 

- not operated 530 

false negative exercise EGG in LAFB 504 
false poling 274 

- of limb leads in frontal left QRS axis 571 

- of limb leads in frontal vertical QRS axis 572 

- of the upper limb leads 31 
false positive exercise EGG 496 
false-positive Sokolow index 64 

fascicular tachycardia, left posterior fascicle 470 
fibrillo-flutter = atrial fibrillation/flutter 361 
fibrillo-flutter with spontaneous conversion 377 
fusion and pseudofusion beats in a patient with a pacemaker 
516 

G 

Gertsch index 66 

H 

heart transplantation, p waves 579 
hemodynamics in VPBs 440 
HOGM 68-71, 276, 277 
horse 583 
hypercalcemia 

- in osteosarcoma 314 

- in primary hyperparathyroidism 314 
hyperkalemia 310,311 

- EGG after 318 

- electrical alternans 570 

- plus hypocalcemia 316 

- with ventricular asystole 317 

- with ventricular tachycardia 317 
hyperkalemia, severe 308, 309, 317 

- with dialyzable injury 317 

- with dialyzable injury and VT 318 
hypertrophic cardiomyopathy, severe 563 
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hypertrophic cardiomyopathy with strange R wave in lead 
564 

hypertrophic obstructive cardiomyopathy (HOCM) 68-71, 
276, 277 

hypocalcemia 312 

- plus hyperkalemia 316 
hypokalemia 311, 312 
hypokalemia, severe 320 

- with AV dissociation 320 

- with VT, morphology of ventricular flutter 321 

- with VT of the type torsade de pointes 321 

I 

imitation of 2:1 AV block 143 

incomplete RBBB with r < r' in V^, as a normal variant 38 
incomplete right bundle-branch block with r > r’ in V^, as a 
normal variant 38 

incomplete trifascicular block 87, 140, 142 
initiation of fibrillo-flutter 377 
interatrial block 51 
intermittent LBBB, incomplete 130 
interponated VPB in 2 : 1 sequence 444 
iRBBB as normal variant 83 
ischemia, acute, with negative T waves 327 
isorhythmic AV dissociation 160 

K 

Katz-Wachtel sign, false positive 92 

L 

LAFB + LPFB 116 
LAFB 

- in exercise ECG 504 

- typical 112 

- with only minimal R slurring 115 

- with slurring 115 

- without apparent slurring 112 

- without left-axis deviation 116 

- variant 116 
LBBB 

- with a frontal axis about -h 40° 129 

- with change of QRS polarity between V5 and V5 127 

- with sudden change of QRS polarity between V^ and V^ 
129 

- with sudden change of QRS polarity from V^ to V5 127 
LBBB, incomplete 128 

- intermittent 130 



lead misplacement 565, see also false poling and 
misplacement 
left atrial tachycardia 343 
left pleural effusion 576 
left pneumectomy 568 
left ventricular fascicular tachycardia 470 
left-axis deviation without LAFB 116 
LPFB 

- masking old inferior MI 114 

- partly masking old inferior MI 113 
LVH 63,64 

- after aortic valve replacement 62 

- and LV overload 327 

- in HOCM 68-71 

- in LAFB 66 

- in operated ventricular septal defect 65 

- with LBBB 65 

- with LV dilatation 73 

- with RBBB 67 

M 

magnet effect in a VVI pacemaker 515 
Mahaim tachycardia with LBBB morphology 434 
Micro Osborn wave 559 
mimicking an atrial triplet 333 
misdiagnosis 566, 567 

misplacement of limb leads in frontal left QRS axis 571 
misplacement of limb leads in vertical QRS axis 572 
mitral stenosis 82, 85 

- after mitral valve replacement and tricuspid de Vega 
plastic 534 

- with pulmonary hypertension 534 

- with pulmonary hypertension, right ventricular failure and 
tricuspid regurgitation 282 

monomorphic VPBs 441 
multifocal atrial rhythm 343, 561 
myocardial infarction, acute 

- anterior 

- with LAFB 244 

- with LBBB 239 

- with RBBB-hLAFB 247 

- with ST depression 252 

- anterolateral 191-194, 230 

- with RBBB 230 

- anterolateral and inferior (‘global’) 263 

- combined 196, 205, 218, 220 

- with LPFB 247 
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- with RBBB 232 

- differential diagnosis 

- non-Q wave vs. Q wave 211 

- normal variant 205 

- pericarditis 223 

- Prinzmetal angina 213, 214 

- hibernating myocardium, recovery of 252 

- inferior 198, 199, 204 

- with aneurysm 240 

- with complete AV block 224 

- with LBBB 237 

- with right ventricular infarction 224 

- with RV pacing 240 

- with Wenckebach 231 

- lateral 

- non-Q wave 206, 210 

- non-Q wave vs. Q wave 211 

- with LAFB 244, 251, 252 

- re-infarction 230 

- right ventricular 204, 205, 224 

- with Wenckebach 231 

- anteroseptal 188-190 

- with RBBB 229 

- posterior 201, 202 

- with RBBB 231 
myocardial infarction, old 

- anterior 

- with LAFB 241, 245 

- with LBBB 233 

- with RBBB-hLAFB 248 

- anterolateral 271 

- with aneurysm 195, 460 

- with aneurysm and RBBB 226 

- with LBBB and Cabrera sign 61 

- with RBBB 207 

- with ventricular pacing 522 (see also 523, without 
pacing) 

- anteroseptal 188, 190 

- with LAFB 241-243 

- with RBBB 225 

- combined 203, 215-219, 221, 222 

- with LBBB 236 

- with LBBB and Cabrera sign 235,236 

- with RBBB 225, 227, 228 

- with RBBB+LAFB and aneurysm 248 

- differential diagnosis 

- normal variant with AQRSp +80° 209 



- hibernating myocardium, recovery of 244, 245 

- inferior 113, 199, 200, 220, 254, 271 

- with and without ventricular pacing 240, 521 

- with aneurysm 240 

- with LPFB 208, 246 

- with RBBB+LPFB 250 

- lateral 197 

- non Q wave 212 

- with RBBB (+LAFB?) 249 

- non-infarction pattern (one of many examples...) 263 

- peri-infarction patterns (see also special patterns) 

253-262 

- posterior 203, 216 

- right ventricular (no ECG, old ‘RV infardon’ is extremely 
rare) 

- special patterns 221, 222 

- with non-significant Q waves and T-negativity in 
precordial leads 255 

- with non-significant Q waves in inferior leads and 
symmetric negative T waves 253 

- with poor R progression in to and QRS notching 
in limb leads 462 

- with Qr in and slurring in 257 

- with Qr in V^/V^ and qrsR’ in 258 

- with Qr in and RSr’ in 258 

- with QRS notching and T-negativity in several leads 

254 

- with reduction of the r wave from to and QRS 
notching in the limb leads and in V5 474 

- with regression of small r wave from to 261 

- with rSr" in I/aVL and other signs 260 

- with rSr’ in 523 

- with rSr’ in and notching in V^/V^ 256 

- with rSr’ in to V^, with reduced amplitude in Vy 

259 

- with Rsr’ in and small Q waves in V^/V^ 256 

- with rsr’s’ in I and rSr’ in and other signs 261 

- with rsr’S’ in V^/V^ 254 

- with rsr’s’ in and other signs 262 

- ventricular pacing 

- anterior 522 (see also 523, without pacing) 

- inferior 240, 521 
myocardial infarction, peracute 328 

N 

Nadir sign 458, 558 

negative asymmetric T waves in LV overload 327 
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normal asymmetric (concordant) negative T wave in lead III 
43 

normal asymmetric (discordant) negative T wave in lead III 
42 

normal EGG 28 

normal exercise EGG 491, 492 

normal q waves 270 

normal sensing in a VVI pacemaker with VPBs 515 
normal variant 

- pseudo-hyperkalemia 319 

- QS in lead III 272 

- QSinV/V^ 272 

- with AQRSp + 130° 114 

0 

obstructive pulmonary disease 86 
Osborn waves 41, 296 

- as normal variant 559 

- in hypothermia 42, 559 

- unexplained 559 

overpacing of a tachycardic accellerated idioventricular 
rhythm 472 

oversensing of a VVI pacemaker 520 

p 

p biatriale/ biatrial enlargement 50 
p mitrale/LA enlargement 49 
p pseudo-pulmonale 52 
p pulmonale vasculare 51 
p pulmonale/RA enlargement 50 
p waves, after heart transplantation 579 
pacemaker 

- fusion and pseudofusion beats 516 

- magnet effect in VVI pacing 515 

- one chamber, endocardial, LBBB-like pattern 514 

- QRS morphology in inferior MI during SR and pacing 521 
pacemaker DDD 

- capture failure, acute 519 

- capture failure, chronic 519 

- endless loop tachycardia 523 

- QRS morphology in anterior MI, during pacing 522 

- with atrial and ventricular pacing 517 

- with atrial sensing and ventricular pacing 518 
pacemaker induced tachycardia 523 
pacemaker VVI 514 

- capture failure, iatrogenic 519 

- change between pacing and sinus rhythm 516 



- oversensing 520 

- sensoric dysfunction 520 

- VPBs, correct sensing 515 
paroxysmal flutter 360 

paroxysmal irregular flutter at a high rate (fibrillo-flutter) 

360 

peracute MI 328 
pericarditis 290-292, 294 

- mimicking inferior AMI 293 

- with pericardial effusion 291 

- with PQ depression 290 

- with ST depression in V^ 292 

- with ST elevation from the R wave downstroke 295 

- with stork-leg sign 294, 295 

peripheral QRS low voltage, as a normal variant 37 
permanent junctional reentrant tachycardia (PJRT) 434 
pleural effusion, left 576 
pneumothorax 569 
polymorphic VPBs 443 

- in atrial fibrillation 442 
postsyncopal bradycardia syndrome 577 
posttachycardia pause 465 
pre-excitated atrial fibrillation 423, 424 
pre-excitation 18 

- inAF 375 

primary pulmonary hypertension 87 

Prinzmetal angina during exercise EGG 497 

pseudo 2 : 1 AV block 143, 163 

pseudo AVNRT 402 

pseudo Brugada 550-552 

pseudo-artifact 582 

pseudo-delta wave 418 

- due to RBBB 431 

- in lead II 37 

- in lead V^ 37 

pseudo-hyperkalemia, normal variant 319 
pseudo-Mobitz 161 

pseudonormalization of the T wave during exercise EGG 499 
pseudo-notching 

- in inferior leads 35 

- in leads III/aVF 35 

- in transition zone, lead V^ 36 

- in transition zone, lead V^ and III 36 
pseudo-p waves in leads V^/V^ 580 
pseudo-Q wave in AV junctional rhythm 279 
pseudoregularization of ventricular rhythm with tachycardic 

AF 371 
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pseudo-VT 

- an extraordinary condition 476 

- due to artefacts 477, 478 
pulmonary embolism, acute 101-104 
pulmonary valve stenosis 81, 82, 529 

Q 

Q wave 

- and clockwise rotation during exercise EGG 500 

- in anterolateral infarction 271 

- in congenital corrected transposition of the great vessels 

277 

- in false poling 274 

- in HOCM 277 

- in inferior infarction 271 

- in several leads, in HOCM 276 

- in situs inversus 278 

- in Steinert disease 280 

- inversion 277 

- normal (and many other ECGs!) 270 

- pronounced in V^-V^, in HOCM 276 
Qjlj as normal variant 34 

QR (Qr) in lead in severe mitral stenosis 282 
Qr configuration in lead aVR, normal 270 
QR in lead V^, in acute pulmonary embolism 281 
QRS 

- abnormality as a sign for right atrial dilatation, in atrial 
fibrillation (!) 282 

- clockwise rotation 33 

- counterclockwise rotation 34 
QS 

- configuration in lead aVR, normal 270 

- in LBBB, in Vj-V3 ( V^) 275 

- in lead 111 274 

- in lead 111 and aVF in pre-excitation 275 

- in lead III, normal variant 272 

- in lead III/aVF 273, 274 

- in lead and V^, as normal variant 35, 272 

- in leads V^-V^, in upright position 273 

R 

R on T phenomenon 444, 560 
RBBB 143 

- + LAFB + LPFB, without complete AV block 143 

- -H LPFB 141 

- +LVH 128 

- incomplete with r < r’ in 127 



- incomplete with r < r’ in and 126 

- incomplete with r > r’ in 126 

- isolated, probably 140 

- with a notched broad R wave in Vj/V^ 126 

- with left axis deviation of the first 60 msec of QRS. No 
signs for additional left anterior fascicular block 129 

- with or without associated LAFB 138 

- with single and notched R in and left-axis deviation 
136 

- with the typical rsR’ in 125 

- with visible right ventricular activation delay up to 128 
right pneumectomy 568 

right ventricular pacing 554 
R-on-T phenomenon 444, 560 
run of APBs 335, 341 

s 

sensoric dysfunction of a VVI pacemaker 520 
short atrial tachycardia 333 
short PQ interval as a normal variant 32 
Si/Sii/Sni type 33 

- as normal variant 85 
sick sinus syndrome (SSS) 

- bradycardia-tachycardia variant 387 

- sinoauricular (SA) block = sinoatrial block 386 

- sinus arrest = sinus standstill 384-386 
- postoperativ 387 

- sinus standstill/arrest 384-386 
sinus arrhythmia 30 

sinus bradycardia 29 

sinus rhythm of the atria 28 

sinus rhythm, normal ECG 28 

sinus standstill 384, 385 

sinus tachycardia 30 

sinus tachycardia with AV block 1° 403 

situs inversus 278, 532, 573 

spontaneous conversion of AF 374, 377 

spontaneous conversion of fibrillo-flutter 377 

ST elevation 

- acute pulmonary embolism 281 

- during exercise ECG 497, 498 

- in yjVy as a normal variant 39 
Steinert disease 280 

stork-leg sign 294, 296 

- normal variant 296 
strange R wave in lead 565 
strange R wave in lead 564 
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supraventricular tachycardia with LBBB aberration 401 
supraventricular tachycardia with RBBB aberration 401 
SVTab imitating VT 476 

symmetric negative T waves in leads to in acute 
ischemia 327 

symmetrical discordant negative T waves in II, aVF, III and 
to Vg 43 

T 

T wave 

- artifact 581 

- high and symmetric in peracute MI 328 

- without QRS 581 
tetralogy of Fallot 83, 84, 530 

- operated 530 

the last ECG of the book 583 
transposition of the great arteries 

- congenitally corrected 277 

- operated 531 

trifascicular block, incomplete 140, 142 
trigeminy 439 
true positive in LAFB 504 
TU fusion due to amiodarone 313 

u 

undersensing of a VVI pacemaker 520 
unmasking of a pseudo-artifact 582 
upright position, preordial leads 273 

V 

valvular aortic stenosis 533 

ventricular 2 : 1 extrasystole 439 

ventricular 2 : 2 extrasystole 441 

ventricular 3 : 1 extrasystole in acute inferior MI 440 

ventricular pacemaker rhythm 28 

ventricular septal defect 

- with early Eisenmenger reaction 531 

- with Eisenmenger reaction 84 
VPB, monomorphic 441 

VPB, polymorphic 443 

VPB(s) and hemodynamic response 440 

VPBs in bigeminy 439 

VPBs in trigeminy 439 

VT 

- atrial overpacing 472 

- AV dissociation 457-459 

- beginning with a fusion beat 468 



- differential diagnosis parasystolic VT versus accelerated 
idioventricular rhythm 467 

- during exercise ECG 501 

- fusion beats 459 

- in arrhythmogenic RV dysplasia, with LBBB-like QRS 
pattern 469 

- LBBB-like pattern and vertical AQRSp 464 

- nadir sign 458 

- nonsustained 457 

- parasystolic (possible) 467 

- polymorphic, type torsade de pointes, with spontaneous 
conversion 465 

- polymorphous with degeneration into ventricular 
fibrillation 466 

- post-tachycardia pause 457 

- preceded by short-long(-short) coupling interval 467, 

468 

- origin in the RV outflow tract 464 

- retrograde AV block (VA block) 461 

- spontaneous conversion 457 

- spontaneous conversion after rate acceleration 468 

- type polymorphic VT without torsade de pointes 466 

- type torsade de pointes, with asystole before spontaneous 
conversion 465 

- type torsade de pointes, with spontaneous conversion 466 

- with multiple typical signs 475 

- with purely negative QRS in leads V^-V^ 473 

- with purely positive QRS in leads V^-V^ 474 

- with retrograde 2 : 1 AV block (2 : 1 VA block) 462, 464 

- with retrograde AV block 2° type Wenckebach 463 
VT, torsade de pointes 444, 540 

w 

Wenckebach period, interrupted 161 
What is the rhythm? 566, 567 
WPW syndrome 

- ablation, disappearance of pre-excitation 434 

- abortive delta wave 425 

- abrupt disappearance of pre-excitation during exercise test 

427 

- antidromic AV reentry tachycardia 422 

- AP left anterolateral 426, 429 

- AP right posteroseptal 425 

- atrial fibrillation 423, 424 

- Chaterjee effect after ablation 429 

- ECG after ablation 429 

- full pre-excitation, with enormous deformation of QRS 
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and of repolarization 418 

hypertrophic obstructive cardiomyopathy without visible 

pre-excitation 428 

intermittent pre-excitation 427 

imitaton of inferior infarction 419 

imitaton of inferior infarction, ventricular bigeminy 430 

imitaton of inferoposterior infarction 419 

imitaton of posterior infarction 419 

imitaton of posterolateral infarction 420 

orthodromic AVRT 421, 433 

orthodromic AVRT, AP left sided 432 

orthodromic AVRT with and without LBBB 432 



- orthodromic AVRT with LBBB 433 

- orthodromic tachycardia, rate 238/min 422 

- pre-excitation, associated with LBBB, accessory pathway 
left posterior or left posterolateral 431 

- pre-excitation persists during excercise test 429 

- pre-excitation with normal PQ interval 428 

- questionable abortive delta waves 418 

- right anteroseptal AP, hypertrophic obstructive 
cardiomyopathy 428 

- suggesting LVH 420 

- suggesting ventricular bigeminy (limb leads) 427 

- typical pre-excitation 417, and others 
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